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EBRATUM. 
P.  137.    Art  .283,  line  2,  for  1.53  read  1.153. 


In  the  late  Dr  George  Wilson's  collection  of  Cayendish  MSS.  there  is  a  drawing 
of  whioh  the  opposite  page  is  a  reduced  copy.  The  words  *'  buried  at  Derby  *'  are 
written  in  pencil  on  the  margin. 

Henry  Cavendish  was  buried  in  the  Devonshire  Vault,  All  Saints'  Church, 
Derby,  but  Mr  J.  Cooling,  Jun.,  Churchwarden  of  All  Saints,  informs  me  that 
there  is  no  slab  or  monument  of  any  kind  erected  in  memory  of  him  there. 


^ENRY  Cavendish  Esq" 

Eldest  Son   of  the  Right   Honorable 

ORD  Charles  Cavendish, 

Third  Son   of   William, 

2';"*  Duke  of  Bevonsjiibe. 

~eliow  of  the  Royal  Society,   and  of  the  Society 

OF  ANTIQUARIES   of    LONDON. 

Trustee   of  the   British   Museum 


|:So  little  is  known  of  the  details  of  the  life  of  Henry  Cavendish, 

I  so  fnliy  have  the  few  known  facts  been  given  in  the  Life  of 

j&vendish  by  Dr  George  Wilsonf,  that  it  is  unnecessary  here  to 

.repeat  them  except  in  so  far  as  they  bear  on  the  history  of  his 

electrical  researches. 

i  He  was  born  at  Nice  on  the  10th  October,  1731,  he  became  a 

low  of  the  Royal  Society  in  1760,  and  was  an  active  member  of 

t  body  during  the  rest  of  his  life.     He  died  at  Clapham  on  the 

b  February,  1810. 

His  father  waa  Lord  Charles  Cavendish,  third  -son  of  William, 
)tiii  Duke  of  Devonshire,  who  married  Lady  Anne  Grey,  fourth 
filter  of  the  Duke  of  Kent.  Henry  waa  their  eldest  son.  He 
I  one  brother,  Frederick,  who  died  23rd  February,  1812. 
Of  Lord  Charles  Cavendish  we  have  the  following  notice  by 
IjFrauklinJ,  After  describing  an  experiment  of  his  on  the 
!  of  electricity   through  glass  when  heated  to  400°  F.,  he 


P*It  were  to  be  wished  that  this  noble  philosopher  would  communi- 
)  mor«  of  his  experiments  to  the  world,  as  he  miikes  many,  and 
"ilh  gre*t  accuracy." 

■  Bythe  Editor. 

t  puliluhoil  in  tS51  OB  0x0  Sist  volume  or  llic  Woiks  of  tho  CavcDdieh  Society. 
;  fYantUn't  IVorii,  eilited  by  Jared  Spaika,  BDBton,  IflSG,  Vol.  v,  p.  3: 
U  Kola  16  at  the  cud  ot  tliia  lioofc. 


LABOEATOBT  IV   GREAT  MARLBOROUGU  STREET, 


'  were  a  set  of  atsblea,  fitted  up  for  liis  lUHwiumodation.  It  was  during 
"  this  [leriod  that  he  acquired  those  liabits  of  economy  and  those  slagulai' 
"oddities  of  character  which  he  exhibited  ever  after  in  so  atriklog  t. 


Ete  whole  of  the  electric  researches  of  which  we  are  to  give  an 

int  were  made  before  the  dt^ath  of  Lord  Charles  Cavendish, 

b  took  place  in  1783.     We  must  therefore  suppose  that  they 

i  made  in  Great  Marlborough  Street,  and  probably  in  the  set 

kbles  mentioned  by  Dr  Tliomson.     He  speaks  of  a  "fore  room 

i  back  room  "  in  Art,  46'J,  and  in  Art.  335  he  compares  the  size 

)  room  in  which  he  worked  to  that  of  a  sphere  16  feet  in 

The  dimensions  of  his   laboratory  are  of  some  im- 

luce  in  determining  the  electric  capacity  of  bodies  hung  up  in 

d  by  the  foot-note  to  Art.  335  it  would  appear  that  the  room 

[probably  14  feet  high,  which  is  somewhat  lofty  for  "a  set  of 

B8,"  but  I  believe  not  much  more  than  the  height  of  some 

rooms    in    the    dwelling-houses   in    Great    Marlborough 

Cat  nit  then  suppose  that  we  have  been  admitted  by  Cavendixh 
Elo  his  laboratory  in  Great  Marlborough  Street,  as  it  was  arranged 
for  bis  electrical  experiments  in  1773,  and  let  us  make  the  best  of 
«i  opportunity  rarely,  if  ever,  accorded  to  any  scientific  man  of  his 
civalimc,  and  examine  the  apparatus  by  which  the  electric  fluid, 
uutead  of  startling  us  with  the  brilliant  phenomena,  new  in- 
iUucea  of  which  were  then  every  day  being  discovered,  was 
Eudd  to  submit  iU&iS,  like  everything  else  which  entered  that 
home,  to  be  measured. 

The  largest  piece  of  apparatus  was  the  "machine  for  trying 
wnple  bodies"  of  which  we  have  a  description  and  sketch  in  Art. 

Mkonil  plans  at  Arts.  205  and   273.     The  framework  of  the 

^^Uoe  ifl  not  represented  in  theee  figures. 

^I^e  learn,  however,  from  Dr  Davy  *,  that 

"  Citvondiah  seemed  to  Iiuve  in  view,  ia  const ructioo,  efficiency 
"nwroiy,  witliout  ntUmtion  to  appearance.  Hard  woods  wore  never 
"ued,  excepting  when  required.  Fir-wood  (common  deal)  was  that 
Bnnitudy  employed." 


•  WilsounLi/r,  p.l78. 


XXX  INTRODUCTION. 

The  bodies  to  be  "tried"  and  the  wires  and  vials  for  trying 
them  were  either  supported  on  glass  rods  as  shown  in  the  sketch  ] 
at  Art.  239,  or  else  hung  by  silk  strings  from  a  horizontal  bar 
7 feet  Scinches  from  the  floor  as  mentioned  in  Art.  466.  The 
electrical  connexions  were  made  and  broken  at  the  proper  times 
by  means  of  silk  strings  passing  over  puliies  attached  to  the  hori- 
zontal bar. 

One  of  the  bodies,  the  charges  of  which  Cavendish  com- 
pared by  means  of  this  apparatus,  was  a  globe  12*1  inches  in 
diameter  covered  with  tinfoil.  This  globe  has  historical  interest 
as  it  was  not  only  the  standard  of  capacity  with  which  Caven- 
dish compared  that  of  all  other  bodies,  but  it  formed  part  of  the 
apparatus  by  which  he  established  that  the  electric  repulsion 
varies  inversely  as  the  square  of  the  distance. 

There  was  also  a  set  of  circles  of  tin  plate,  one  of  36  inches 
diameter,  one  of  18'5  and  two  of  9*3 ;  and  also  square  and  oblong 
tin  plates,  and  squared  pieces  of  stone  and  slate,  and  a  collectiitt 
of  cylinders  and  wires  of  different  sizes. 

There  was  another  "machine,"  represented,  with  its  frame- 
work, in  Fig.  20,  Art.  295,  "  for  trying  Leyden  vials." 

The  "Leyden  vials"  were  most  of  them  flat  plates  of  glass  with 
circular  coatings  of  tinfoil,  one  on  each  side.     They  were  made  in 
sets  of  three,  any  one  of  each  set  being  nearly  equal  in  capacity  to 
the  three  of  the  former  set  taken  together.     Cavendish  had  thus  i^ 
complete  set  of  condensers  of  known  capacity  by  means  of  which, 
he  measured  the  capacity  of  every  piece  of  his  apparatus,  from  tha 
little  wire  which  he  used  to  connect  his  coated  plates,  and  whiclE 
he  found  to  contain  '28  "  inches  of  electricity,"  up  to  his  batter/* 
of  49  jars,  which  contained  321000  "  inches  of  electricity  "  *. 

These  "  inches  of  electricity "  can  be  directly  compared  with, 
our  modem  measurements  of  electrostatic  capacity.  Indeed  th^ 
only  difference  is  that  Cavendish's  "  inches  of  electricity  "  express 
the  diameter  of  the  sphere  of  equivalent  capacity,  while  th^ 
modern  measurements  express  the  capacity  by  stating  the  radius 
of  the  same  sphere  in  centimetres. 

*  About  half  a  miorofiarad. 


APPARATUS.  XXXI 

Of  each  of  these  plat«a  of  glass  Cavendiah  has  given  a  most 
miniite  description,  so  that  each,  if  it  were  found,  could  he  identi- 
fied. Mr  Cottrell,  of  the  Royal  Institution,  has  been  kind  enough 
b)  examine  the  catalogue  of  apparatus  there,  which  contains 
Cavendish's  Eudiometer  and  Registering  Thermometer,  No  trace, 
however,  of  a  set  of  glass  plates  could  he  found.  It  ia  possible, 
however,  that  ii'  the  plates  were  neatly  packed  up,  their  small  hulk 
and  their  apparent  uselessneto  may  have  enahlcd  them  to  survive 
the  periodical  overhaulinga  of  some  less  celebrated  repository,  and 
that  they  may  yet  gain  an  honourable  place  in  the  museum  of 
tuitorical  iuBtruments.  , 

Bol  we  need  not  expect  ever  to  discover  a  piece  of  apparatus 
ofatiU  greater  historical  interest — that  by  which  Cavendiah  proved 
that  the  law  of  electric  repulsion  could  not  differ  from  that 
of  the  inverse  square  by  more  than  ^  It  consisted  of  a  pair  of 
somewhat  rickety  wooden  frames,  to  which  two  hemispheres  of 
pasteboard  were  fastened  by  means  of  sticks  of  glass.  By  piilling 
8  Siring  these  frames  were  made  to  open  like  a  book,  showing 
wiUutt  the  bemi.'fjtheres  the  memorahle  globe  of  12*1  inches  di- 
ameter, supported  on  a  glass  stick  as  an  axis.  By  pulling  the 
itring  still  more,  the  hemispheres  were  drawn  quite  away  from  the 
gloiM;  and  a  pith  ball  electrometer  was  drawn  up  to  the  globe  to 
l«st  its  "  degree  of  electrification."  A  machine  so  bulky,  so  brittle, 
d  Ki  inelegant  was  not  likely  to  last  long,  even  in  a  lumber 
A  facsimile  of  Cavendish's  sketch  of  it  is  given  at  page 
Hia  own  account  of  the  experiment,  in  Arts.  217 — 234,  is 
f  the  most  perfect  examples  of  scientific  exposition. 

oaight  also  notice  the  diSerent  electrometers,  most  of  them 
ing  of  a  pair  of  cork  or  pith  balls,  mounted  on  straws  or  on 
I  threads,  and  some  of  them  capable  of  having  their  weight 
•lt«red  by  means  of  wires  run  into  the  straws ;  but  though  Caven- 
dish  had  a  wonderful  power  of  making  correct  observations  and 
getting  accurate  results  with  these  somewhat  clumsy  instruments, 
n  must  confess  that  in  these,  the  most  vital  oi;gan3  of  electric 
research,  Cavendish  showed  less  inventive  genius  than  some  of  hid 
coDtemporaries.  M'ben  Lane  and  Henly  brought  out  their  respec- 
tive electrometers,  Cavendish  compared  their  indications,  and  by 
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stating  in  every  case  the  distance  at  which  Lane's  electromete. 
discharged,  he  has  enabled  us  to  calculate  in  modem  units  ever] 
degree  of  electrification  that  he  made  use  of.  What  was  realljp 
needed  for  Cavendish's  experiments  was  a  sensitive  electrometer 
Cavendish  did  the  best  with  the  electrometers  he  found  in  ex- 
istence, but  he  did  not  invent  a  better  one. 

It  was  not  till  1785  that  Coulomb  began  to  publish  the  won- 
derful series  of  experiments,  in  which  he  got  such  good  results 
with  the  torsion  electrometer,  an  instrument  constructed  on  the 
same  principle  as  that  with  which  Cavendish  afterwards  measured 
the  attraction  of  gravitation ;  and  it  was  not  till  1787  that  Bennett 
described  in  the  Philosophical  Transactions  the  gold  leaf  electro- 
meter, by  means  of  which  Volta  afterwards  demonstrated  th( 
different  electrification  of  the  different  metals. 

The  electrical  machine,  by  Naime,  was  one  with  a  glass  globe. 

We  should  also  notice  the  dividing  engine,  by  Bird,  for  deter 
mining  the  thickness  of  the  glass  plates,  and  other  small  distances 

An  attendant*,  *' Richard,"  appears  occasionally,  to  help  ii 
turning  the  electrical  machine,  or  in  pulling  the  strings  whicl 
made  or  broke  the  electrical  connexions ;  and  sometimes  he  is  eve 
asked  his  opinion  as  to  the  comparative  strength  of  two  electri 
shocks"!".  But-  there  is  no  record  of  any  other  person  havin 
being  admitted  into  the  laboratory  during  the  series  of  expe|; 
ments  to  which  we  now  refer. 

The  authority  of  Cavendish  in  electrical  science  was  of  coun 
established  by  his  paper  of  1771,  and  accordingly  we  find  hii 
nominated  by  the  Royal  Society  as  one  of  a  committee  appointc 
in  1772  "to  consider  of  a  method  for  securing  the  powder  magazii 
at  Purfleet  t" 

A  powder  mill  at  Brescia  having  blown  up  in  consequence  ' 
being  struck  by  liglitning,  the  Board  of  Ordnance  applied  to  1 
Benjamin  Wilson,  F.R.S.,  who  held  the  contract  for  the  hous 
painting  under  the  Board  §,  and  who  had  some  reputation  as  f 

•  Arts.  242,  660,  506.  +  Art.  611. 

X  See  Franklin's  Works,  Vol.  v,  p.  430,  note. 

§  He  also  painted  portraits  of  Franklin  and  of  Oowin  Knight,  as  well  a;* 
Garriok  in  yarions  characters. 
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in,  for  a  method  to  prevent  a  like  accident  to  their  maga- 
m  at  PurHeet  Mr  Wilson  haviog  advised  a  blunt  conductor, 
it  being  understood  that  Dr  Franklin's  opinion,  formed  upon 
tliu^t,  was  for  a  pointed  one,  the  matter  wajs  referred,  in  1772, 
to  ilie  Royal  Society,  and  by  them  as  usual  to  a  committee,  who 
after  ciiusultation  presented  a  method  conformable  to  Dr  Frank- 
lin's theory  •. 

The  Committee  consisted  of  Cavendish,  Dr,  afterwards  Sir 
ITiHiam  Watson;  Dr  Franklin.  Mr  J.  Robertson  (Clerk  and 
Liharinn  to  the  Royal  Society) ;  Mr  Wilson  and  Mr  Dtilaval. 

Or  Franklin  read  to  the  Committee  a  paper  which  is  printed 
m  bis  works,  VoL  v,  p.  435,  but  is  .not  referre<l  to  in  the  report  of 
the  Committee,  though  the  report  is  entirely  in  conformity 
tilli  ilt- 

The  C'omiiutte«  wont  down  to  PmSeet  and  examined  all 
ths  bvildioga  together,  but  I  cannot  trace  any  evidence  that 
lifih  did  anything  to  modify  the  report,  and  Franklin  does 
mention  liim  in  any  part  of  Ins  writings,  as  one  of  the 
kable  men  with  whom  be  was  brought  in  contact. 
The  must  noteworthy  incident  of  the  Committee  was  the 
of  Mr  Wilson,  to  which  Mr  Delaval  adhered  as  regards 
part  of  the  report  which  recommended  the  conductors  to  be 
Mr  Wilson  followed  up  bia  dissent  by  a  paper  §,  in 
be  gave  hia  reasons  for  preferring  blunt  conductors ;  but  the 
four  menibeni  of  the  Committee,  Messrs  Cavendish,  Franklin, 
and  Rolx'rtson,  having  heard  and  considered  these  objec- 
kimd  no  re.tson  to  clmnge  their  opinion  or  vary  from  their 

1  the  15th  May  1777,  the  Board  House  at  Purfleet  was 

[  by  lightning,  and  some  of  the  brickwork  damaged.     This 

:  communicated   by   the   Board  of  Ordnance  to  the  Royal 

etyH,  a  Oomiaittee  was  appointed  to  examine  the  cHecta  of 

Kightning  and  to  report. 

f  JVUJ.  Trfltu..  177i.  p.  43. 

■  Tbtn^iatt  i>  pimteA  ia  Franklin' I  K'nrfti,  Vol.  v,  p.  430,  and  is  theie  utntud 
U  "DrBwn  np  by  Benjamin  Frftnklm,  Angnxt  21,  1TT3,"     The  paper  on  tbe 
Ij  of  IdiV,  pnlnlerl  toda  U  nUleil  to  have  ■)«?□  rend  oa  Angast  STtli,  ITTtl. 
-ft.  I..4S.  IK.,  p.  4a.  1  «...  p.  6li,  1  /6..  1778.  p.  232. 
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I  i:.;\o  <:^:cvi  :!„<  :-::.;:-:  i:  >;-;  Vr-l  Incauso  it  does 
lio:  :u^^HMr  ;o  1:.;%-  V<v::  ::.:;-..:  :y  O^v- .::>1'5  iiJ^craphers,  and 
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CavouiHsh'?  rosearoLos  oa  the  tUctrij  current  have  been 
hitlierto  very  imperHoilv  known,  r.^  thoy  are  only  alluded  to 
in  his  celebrated  paper  on  the  Torp,:-vio.  The  private  investi- 
Kations  of  Caven^^*  '    -re  contained  in  this  volume,  but  the  ex- 
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letnol  events  which  were   more    or    Icbb  connected   with  tUem. 
»CTC  as  follows: 

On  July  1,  1773,  Mr  Walsh  commuuicated  to  llie  Royal 
Sootfty  his  paper  "  Of  the  Electric  Property  of  the  Torpedo. 
lui  Letter  from  John  Walsh,  Esq.,  F.R.S.,  to  Benjamin  Franklin, 
£»].,  LLD.,  F.R,S.,  Ac.  R.  Par.  Soc.  Ext.,  &c." 

Tlie  following  extracts  will  indicate  the  chief  poiots  of  elec- 
trical iiitereEt. 

"The  vij-i'ur  of  Uie  freKli  tjiltpn  Torpedos  at  the  lale  of  R6  wiw  not 
"Mr  to  foiff  tlie  tvrfKcltnal  fluid  ucroM  the  uiinutrat  tract  of  air; 
''unt  fniDi  one  link  of  a  suinJI  chiiin,  suspeudcil  frtiely,  to  anollief ;  not 
"(tmii^^h  ATI  almo^  iDvi&ilile  separatino,  muile  by  the  edge  of  a  pen- 
"kttifi'  in  a  slip  of  tinfoil  pasted  on  scaling- was.'' 

"TTiB  liircct  proilnced  by  ibe  Torpedo  when  in  air  appeared,  on 
"nuny  ropeated  exjieriuieuta  to  ha  about  four  times  as  stroug  a^  wbeu 

"The  Tori>edo,  on  this  occasion,  dispensed  only  the  distinct  inatan- 
"tniK-oua  Btriike,  so  Well  kuowu  by  the  mime  of  the  eie*:trie  shock. 
"Ti'  j'Kiiracted  but  lighter  sensation,  that  Torpor  or  Numbness  which 
■■',,r\  indiirej^  and  iWni  which  he  takes  his  name,  vna  not  then 
'  I  '  il  from  the  aoilual ;  but  it  was  imitated  with  aititicial  elec- 
■  Ti  iv.,  ,,„l  tibewu  lu  be  producible  by  a  ciuick  succCsaiou  of  miuute 
■^siin-ka.  TbiB  in  tlie  Toqimio  may  perhaps  be  effected  by  the  buc- 
"ffiwive  discharge  of  bis  numerous  cylinders,  in  the  nature  of  a  running 
'in  ot  niuKkflry  ;  the  strong  single  shock  may  be  his  general  roUey. 
"In  tliH  continued  '.'ffi-ct,  as  well  im  in  the  iuatanlaueous,  bis  eybH,  uiiiially 
"prominent,  are  withdrawn  into  their  sockets." 

Walrih   shows  that  these  phenomena  "are  in  uo  ways  rc-pug- 
1  nut  to  ihe  laws  of  electricity,"  fur  "  the  same  quantity  of  electric 
■tuUter,  according  as  it  is  used  in  a  dense  or  rare  state,  will  pro- 
duce the  different  conHoquences." 

"  Let  mo  here  remark  that  the  ssgacLty  of  Mr  Cavendish  in  deviuiiig 
'  "illd  hi*  luldrets  in  executing  electrical  experiments,  led  him  the  fii-st 
Mttk  experience  with  artificial  electricity,  tliat  a  shock  could  be  received 
H^n  a  eharge  which  was  unable  to  force  a  passage  through  the  least 

■atmo* 


PTahih    concludes    his    letter   to   Franklin   in    the   fol 


"g 


r^oiee  in  nddivflaing  these  communicutions  to  You.  He,  wbo 
Itcted  and  sliewed  that  electrieity  wings  the  fonnidnble  holt  of  the 
,  'atmosphere,  will  hear  with  attention,  tlit  in  the  deep  it  speeds  an 
'hainbler  Wt,  silent  and  iiivittible:  He,  who  analysed  the  eleetrilied 
'  riital.  will  bear  with  pleasure  thAt  its  lawn  prevail  in  animate  Phials  : 
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Ho,  -who  by  Reason  became  an  electrician,  will  bear  with 
of  an  instinctive   electriciun,  gifted   in   his  birth  with  a  wonderfi 
■'apparatus,  and  with  the  skill  to  use  it*. 

"However  I  may  respect  your  talents  as  an  electrician,  it  is  c«) 
"  tainly  for  knowledge  of  more  general  import  that  I  am  impraen 
"  with  that  high  esteem,  with  which  I  remain, 
"Dear  Sir, 

"  Tour  affectionate 

"And  obedient  servant, 

"JOHN  WALSH. 

This  paper  is  foUowed  in  the  Pliilosophical  Transacti<m»  b 
"Anatomical  Observations  on  the  Torpedo,"     by   John   Hunt^ 
F.R.S.,  in  which  the  great  anatomist  describes  the  structure 
the  electric  organs,  in   epeciuieoa  of  the   £sh   furnished  by  ] 
Walsh. 

Considerable   interest  seems   to   have  been   excited  by   th; 

account  of  the  Torpedo,  and  several  papers  on  the  Torpedo 

"    the  Gymnotus  are  in  the  Philosophical  Transactions  for   1771 

none  of  them,   however,  so   valuable  as   the  original  one  I 

|.     Walsh. 

The  practical  electricians,  however,  were  by  no  means 

*  That  the  eleotrioal  Sshes  stiU  posseu  the  pover  of  eiciting  the 

iaf  well  as  the  aerves  of  those  who  have  felt  their  power  loa^  be  acen  from  1 
following  paaiage  with  which  Prof,  Du  Gois  RcTmond  begina  his  aooount  of  i 
perinieata  on  a  hviiig  Malaptenuus  in  the  SloiiatiberichU  d.  k.  Ai:ad.  BtrU»t 
Jan.,  leiiS. 
"Fast  inoiiht«  man  es.  im  Sinae  Newton'ii.  eme  Anvraodlnng  der  Natnr  acut 
,'  "dais  ss  ibr  gefallen  hat,  ana  dei  Unzahl  dor  Gcschopfe  drpi  Fiecha,  nnd  ki 
"der  verachJadeiiBteQ  Art,  nach  Willkiir  heranazogreifen,  am  aio  mit  eldktnni 
"toriachen  Torrichtungen  von  fnichthoror  Qewalt  ala  cine  Wafle  aiUEMtatt 
"  uebeQ  welcher  der  QiftKahu  dar  KlapperschlaDgo,  ja  die  nordamericanische  Di 
"  pistole,  ale  eiae  plumpe  und  amsoligo  ErBndung  ereoheiut :  eine  Waffe  die,  d 
"ihren  TriigeT  der  Gefahr  blosHzasleUen,  Inatloa  und  mit  BlitzeaschiiGlIe  in 
"Entfeniung  reloht,  und  minatenkng  eine  seciiodendicbt  gcdriingte  Beilie  • 
"  OesohoBsen  schlondcrt,  deren  keincs  fehlcu  kacn,  well  alic  aut  alleu  Punkleu 
>■  Banmes  gleichzettig  vorhanden  aind." 

In  the  Jounutl  of  Anatomy  and  Phf/>ialogg  for  April.  IBTB,  is  n  Nult  01 
Curiou*  Uabit  of  Ike  Maluptrrunu  Eltctrirui,  by  A.  B,  Stirling.  Tlio  nathor 
tempted  to  feed  Joe  (Uia  MalaptemrUB)  with  (rash  worms,  but  he  nonld  not  look 
Ibam.  Another  fish,  hovoTer,  ealled  Diok  (Clariu).  swallowed  them.  When  J 
I  considered  that  Diok  had  enjuj'ed  his  breakfast  long  enough,  be  swam  op 
I  and  gave  him  snoh  a  shook  that  the  whole  was  disi^orged,  whervapoii  Jos  swallow 
il  liimselt  When  Dick  at  last  snoanmljed  to  this  troatmimt,  Joe  could  no  ' 
is  food  prepared  tor  him,  and  gave  np  eating  altogether. 
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1  that  llie  effects  of  these  fislies  wore  really  produceJ  by 
electricity. 

"MrRonayne  has  made  a  curious  i-eniaik  iipou  tlie  suii|ioaeiI  oloo- 
"  tricity  (if  the  toq>e(lo  :  he  tukys,  '  if  thiit  -could  be.  piuved,  1ih  diMw  tiot 
"'UK  wliy  WR  migLt  not  liiive  atnnns  of  thuudcr  hdiI  tiglitiiiiig  in  tlie 
^'dpjiths  of  tbe  oc«)Ui.  IndrcJ,  I  mu&t  aay,  tUat  wlien  a  Gf!iit]<!m:ui 
>  far  give  np  liis  reason  »  to  txiieve  the  poaaibility  of  nil 
pMrnmuliition  of  elnctiii-nty  iimoug  condvetor*  Buffici^ot  t«  produce 
'lie  tir<«ta  ascHlied  to  the  Turpedo,  be  need  not  heaitate  a  moment 
s  emtimcn  mt  tnulut  tlie  grossest  voutradicliouB  that  can  be  laid 
"'iKfure  liim*.' " 

Iain  aware  of  only  two  occasions  OU  wliidi  Cavendish,  after  lje 
id  aettleil  his  own  opinion  on  any  subject,  thought  it  worth  his 
s  to  set  other  people  right  wLd  differed  from  him.  One 
( lliese  oecasious  was  in  1778,  when  his  esperinienta  on  the 
mation  of  nitric  acid  by  the  electric  spark  from  phlogistieated 
d  dephlngisticated  air  (iiitri^n  and  oxygen)  had  been  repeated 
tboQt  success  by  Van  Marutn  with  the  great  Teylerian  electri- 
I  machice,  and  by  Lavoisier  and  Monge,  and  when  Cavendish 
right  to  take  xome  nieaauree  to  authenticate  the  truth 
rit  it."  For  this  purpose  he  requested  Mr  Gilpin,  clerk  to  the 
Rojal  Society,  to  repeat  the  experiment,  and  desired  some  of  the 
nilemen  most  conversant  with  these  subjects  to  be  present 
mtting  the  materials  together,  and  at  the  examination  of  the 
klitcef. 
^He  other  occasion,  with  which  atone  we  are  now  concerned, 
e  only  on©  in  which  the  presence  of  visitors  to  Cavendish's 
mtory  is  recorded.  There  can  be  no  doubt  that  Cavendi.'ih 
I  completely  satisfied  not  only  Mr  Walsh,  but  what  was  more 
Att  purpose,  himself,  that  the  electric  phenomena  of  the 
1  are  such  as  might  arise  from  tbe  discharge  of  a  targe 
lotity  of  electricity  at  a  very  feeble  degree  of  electrification. 
most  therefore  have  been  to  satisfy  other  persons  on  thi.s 
t  that  he  took  the  trouble  to  construct  an  artificial  torpedo 
■rood  covered  with  leather,  a  rude  model  of  the  figure  given 

*  EYtniA  (Tftin  MS.  leller  of  W.  Heuly,  dated  21  May.  177S,  in  Ihc  Canton 
hp*n  in  the  Boyal  Society's  Libiary.  Coniinunitatrd  to  tlie  cililui  b>  H.  D. 
l^lkMlIc;.  Em). 

f  put.  Tiant.  1768. 
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hj  Walsh,  with  electric  organs  of  pewter  supplied  with  electri- 
city from  a  battery  of  Leyden  jars,  by  wires  protected  by  glass 
tubes. 

The  accessories  of  this  machine  were  equally  unlike  the  kind 
of  apparatus  which  Cavendish  made  when  working  for  himself. 
The  torpedo  had  a  trough  of  scdt  water,  the  saJtness  of  which 
was  carefully  adjusted,  so  as  to  be  equal  to  that  of  the  sea. 
It  had  also  a  basket  to  lie  in,  and  a  bed  of  sand  to  be  buried 
in,  and  there  were  pieces  of  sole-leather,  well  soaked  in  salt  water, 
which  Cavendish  placed  between  the  torpedo  and  his  hands,  so 
that  he  might  form  some  idea  of  what  would  happen  if  a  tra- 
veller with  wet  shoes  were  to  tread  on  a  live  torpedo  half  buried 
in  wet  sand. 

It  was  on  Saturday,  27th  May,  1775,  that  Cavendish  tried 
the  effect  of  his  Torpedo  on  a  select  company  of  men  of  science. 
We  find  in  the  Journal  (Art.  601),  the  names  of  John  Hunter,  the 
great  anatomist,  Dr  Joseph  Priestley,  chemist,  electrician  and  ex- 
pounder of  human  knowledge  in  general,  Mr  Thomas  Bonayne, 
from  Cork,  the  disbeliever  in  the  electrical  character  of  the 
torpedo,  Mr  Timothy  Lane,  apothecary  and  electrician,  and  Mr 
Edward  Naime,  the  eminent  maker  of  philosophical  instruments. 

They  got  shocks  from  the  torpedo  to  their  complete  satis- 
faction, and  probably  learnt  a  good  deal  about  electricity,  but  it 
was  neither  to  satisfy  them  nor  to  communicate  to  them  his 
electrical  discoveries,  that  Cavendish  admitted  them  into  hii 
laboratory  on  this  memorable  occasion,  but  simply  to  obtiun 
the  testimony  of  these  eminent  men  to  the  fact,  that  the  shocks 
of  the  artificial  torpedo  agreed  in  a  sufiicient  manner  with  Walsh's 
description  of  the  effects  of  the  live  fish,  to  warrant  the  hypo-  I 
thesis  that  the  shock  of  the  real  torpedo  may  also  be  an  electrical 
phenomenon. 

I  have  now  related  all  that  I  have  been  able  to  ascertain  of 
the  external  history  of  Cavendish,  in  so  far  as  it  bears  on  his  J 
electrical  researches.     We  must  in  the  next  place  consider  the  j 
record  of  these  researches — the  two  papers  in  the  Philosophical  I 
Transactions,  which  are  here  reprinted,  and  the  manuscripts  nov 
first  published. 


:he  Philosophical  Transactions  for  1771  thoro  is  a,  paper 

i  "An  attempt  to  esplain  some  of  the  priueipai  PhEenomena 

-  by  Means  of  an  Elastic  Fluid:  By  tlie  Honourable 

lavendish,  F.R.S."     [Read  Dec.  19.  1771,  and  Jan.  9,1772, 

-677.]     Tbis  paper  and  that  on  the  Torpedo  {Phil.  Trans. 

i  the  only  publications  of  Cavendish  relating  to  electricity, 

e  Wilson,  however,  in  his  Life  of  Cavendish  •  says, 

sides  hia  two  published  papers  on  electricity,  CaveudiBh    has 

\  behind  him  some  twenty  packets  of  manuscript  essays,  more  or 

a  complete,  on  Mftthematical  and  Esperimental  Electricity.     These 

va^vn  are  at  present  in  the  bands  of  Sir  W.  Snov  Harris,  wLo  most 

ly  aenl  me  an  abstract  of  them,   with  a  commentary  of  great 

I  on  their  contents.     It  will  I  trust  be  made  public. 

[r  W.  states  that  Cavendish  had  really  anticipated  hU  thoue  great 

in  common  electricity  which  were  snbsetjuently  made  known  to 

luvntilic  world  through  the  investigations  aud  wiitings  of  the 

IKt«d  Coulomb  aud  other  pbilosophera,  and  had  also  obtained  the 

tnunediate  results  of  experiments  of  a  refined  kind  instituted  in 

11  day." 

William   Thomson,  to  whom    Sir  William   Snow  Harris 
some  of  Cavendinh's  results,  thus  speaks  of  them  in  a  note 
Plymouth,  Monday,  July  2,  1849. 

WiUiam  Snow  Harris  has  been  showing  me  Cavendish's  un- 

MSS.,  put  in  hia  hands  by  lx>rd  Burlington,  and  his  work 

them  ;   a  most  Taliiable  mine  of  rcHults.     I  find  ali-eady  that 

ipttcity  of  a   disc  (circular)  was  deturmiaed  ex  [>eri  men  tally  by 


of  that  of  a  spher 


of    B 


radius.     Now  i 


— -   ~   1.5- 

2  tt     ,„ 

(mpacitr  of  disc  =  —  «  =  i-?=T ' 

t  is  much  to  be  desired  that  those  manuscripts  of  Cavendish 
d  be  publislied  complete ;  or,  at  all  events,  that  their  safe  keeping 
libltity  should  be  secured  to  the  worldt." 


'*#  of  the   Cavtndiih   Shirty,  Vt 
CD.,  F.B.8.B.,  London,  1851,  p.  4i 

it  of  Papers  on  EleHro'lotiei  and  Uaflnttli 


Life  of  Cavendish,    by   Georgo 
g  2SS,  foDt-notc. 
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The  Cavendish  Society,  for  whom  Dr  Wilson  prepared  his  Life 
of  Cavendish,  with  as^  aocoirnt'  of  his  chemical  researches,  did  DOt 
consider  that  it  came  within  their  design  to  publish  his  electrical 
researches. 

Sir  W.  Harris,  in  whose  hands  the  manuscripts  were  placed  by 
the  Earl  of  Burlington,  died-  in  1867.  He  makes  several  refer- 
ences to  them  in  his  work  on  Frictional  Electricity,  edited  after 
his  death  by  Charles-  Tomlinson,  F.R.S.,  and  published  in  1867*, 
but  he  did  not  live  to  edit  the  manuscripts  themselves.  Under 
these  circumstances  it  was  thought  desirable  by  Sir  W.  Thomson, 
Mr  Tomlinson,  and  other  men  of  science,  that  something  should  be 
done  to  render  the  researches  of  Cavendish  accessible. 

They  accordingly  represented  the  state  of  the  case  to  the  Duke 
of  Devonshire,  to  whom  the  manuscripts  belong,  and  in  1874  be 
placed  them  in  my  hands. 

I  could  find  no  trace  of  Sir  W.  Harris'  commentary  referred  to 
by  Dr  Wilson,  except  that  Dr  Wilson  mentions  having  returned  it 
to  Sir  W.  Harris. 

On  the  inside  of  the  lid  of  the  box  which  contained  the  manu- 
scripts was  pasted  a  paper  in  the  handwriting  of  Sir  W.  Harris,  o\ 
which  the  following- is  a  copy. 

**  The  several  pafcel«  of  manuscript  papers  by  the  late  Mr  Cavendisb 
which  the  Earl  of  Burlington  did  me  the  honor  to  place  in  my  hand) 
with  a  view  to  an  examination  and  rejK)!^;  on  their  contents  may  b* 
*'  taken  at  24  in  number.  Twenty  of  these  contain  sundry  Phil<3 
'^  Hophical  papers  on  Mathematical  and  Experimental  Electricity,  ao< 
"  Four  sundiy  other  Papers  relating  to  Meteorology. 

"All  these  Papers  are  more  or  leas  confused  as  to  systematic  amng< 
"  ment,  and  require  some  considerable  attention  in  decjpbering.  The] 
*•  are  in  many  instances  rather  notes  of  experiments  and  rough  draft 
''  intended  as  a  basis  for  moi*e  perfect  productions  than  finished  Phil<i 
**  Hophical  Papers. 

"  They  ai-e  iit^vertheless  extremely  valuable  and  most  intet*esting  « 
**  evidence  of  Mr  Cavendish's  great  Philosophical  f  ,  and  clearl] 

**  pi-ovo  that  he  had  anticipated  nearly  all  those  great  facts  in  commd 
**  electricity  which  at  a  later  period  were  made  known  to  the  scientific 
**  world  through  the  writings  of  Coulomb  and  the  French  i)hilosopher& 

*  P.  23  (straw  electrometer),  p.  45  (globe  and  hemisphcrcB),  p.  58  (speoiA 
inductive  capacity),  p.  121  (measures  of  electricity),  p.  208  (law  of  force),  p.  22. 
lindaction  at  a  great  distance). 

t  So  in  MS. 
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^ft  Papers  on  EUctrieity. 

^HPOf  the  20  parc«Ifl  of  papers  on  elecfaicity  18  belong  to  the  years 
P^^l,  1773  k  1773,  and  have  never  yet  appeared  id  print;  the 
C  two  remaUiing  parcels  are  dated  1775  and  1776,  and  are  evidently 
"  connected  with  the  author's  celebrated  paper  on  the  Torpedo  pub- 
^liahed  in  the  Soyal  Sortety's  Transactions  for  1776.  The  papera 
"'•longing  to  the  years  1771,  1772  &  1773  consist  of  six  pajwre  on 
'Uthematical  Electricity,  nine  experimental  papers,  one  of  Diagrams 
Ihi  Figures,  the  remainder  are  of  a  miscellaneous  character,  and 
ID  tain   some    interesting   Notes    and    Remarks    and   Thoughts    on 

I;  On  esamming  tte  20  parcels  of  manuscripta  I  found  their  con- 
•Bts  to  be  as  follows: 
No.  1.     MS.  p.  1—10. 

Apparently  an  early  form  of  the  "  Preliniioary  Propositions." 
No.  2.     MS.  p.  1—31. 

Draft  of  "  Preliminary  Propositions  "  bs  far  as  Prop,  xxni, 
I,     US.  L.  3  to  L.  23.     Contains  the  same  propositions  in  a 
less  complete  form  and  not  numbered,  also  two  drafts  of 
the  propositions  on  coated  plates,  each  12  pp.,  and  38  loose 
pages  of  drafts  of  propositions,  and  jottings  of  algebraical 
calculations. 
L  i,    MS.  p.  1 — 4S.     The  fair  copy  of  the  "Preliminary  Propo- 
sitions."    Props.  XXIX.  to  XXXVI.     Refers  to  figs.  1  to  10  of 
No.  15.     See  Arts.  140—174. 
is,    MS.  p.  1—20.     "Appendix."     Refers  to  fig.  II.   See  Arts 

175-19-*. 
i,  G.    "Computations  for  explanation  of  experiments." 
I  Ms.  p.  1 — 15.     Drafts  of  the  propositions. 
1 16  pages  of  computations.    "B.  17."    Charge  of  a  sphere  within 
a  concentric  sphere.    [This  is  placed  here  as  a  note  at  p.  166.] 
'"Attractions  of  elect,  bodies  more  accurate,"  p.  1 — 4. 
)b  7.     MS.  D.  1  to  D.  13,     Fair  copy  of  First  and  Second  Experi- 
ments.    Refers  to  Figs.  12,  13.     See  Arts.  217—235. 
Draft  of  do  marked  "DIA." 
I    No.  8.     MS.  p.  1—7.     Refers  to  Fig.  31.     See  Arts.  386—394. 
I  No.  9.     MS.  p.  1 — 51.     Continuation  of  Experiments.     See  Arts. 
I  236—294. 
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No.  10.    MS.  p.  52—132.    Part  ♦     of  Experiments.    See  Arta 

295— 385i 
No.  11.    MS.  p.  1— a     lA.    p.  10  A.  8,  9.     p.  29  A.     p.  32  A 

1  and  2.     p*  57—64.    p.  85,  80.    p.  91—96.    p.  103—108. 

p.   119—126.    p.  133^138.     p.  141,  142.     p.  156—166. 
All  drafts  of  portions  of  the  Account  of  Experiments. 

No.  12.    "Experiment*  1771,"  MS.  p.  1—24.     See  Arts,  438- 
465,  also  14  loose  sheets  of  calculations  and  measurements. 

No.  13.    "Experiments  1772,"  MS.  p.  1—29.    See  Arts.  466—498. 

M.  1   to   M.  13.     Measurements   of  glasses,  &c.     See  Arte, 
592—595. 
No,  14.     Experiment  1773,  MS.  p.  1—135.     See  Arts.  494—580. 

Index  to  elect,  exper.  1773  p.  1 — 8.     See  Contents, 

Dimensions  of  trial  plates,  4  pages. 

No.  15.     Figures  and  Diagrams. 

1  to  10  refer  to  Preliminary  propositions    No.    4 

11  Appendix  No.    3 

12  „  13  „  „  Exp,  1  No.  7 
14  „  19»  „  „  Experiments,  Part  1  No.  9 
20  „  27    „    „             „            Part  2  No.  10 

30  „     „     Electrometer  No.    9 

31  „    „    Repulsion  No.    8 
No.  16.     "Result."  MS.  p.  1—21.     See  Arts.  647—683. 

No.  17.     "Notes."  4  pp.  notes  to  "Thoughts  concerning  Electricity." 

These  are  inserted  in  their  proper  places,  Arts.  196 — 216. 
MS.  p.  1  to  15.     Drafts  of  propositions  for  the  paper  of  1771, 

but  founded  on  the  theory  stated  in  the  "Thoughts."  They 

are  given  in  Note  18,  pt  411. 
No.  18.     "Thoughts  concerning  Electricity,"  MS.  p.  1 — 16.    See 

Arts.  196—216. 
No.  19.    Resistance  to  Electricity,  MS.  p.  1 — 23.   See  Arts.  616— 

631.   "Res."   Results  of  ditto  p.  1—4.   See  Arts.  684— 696. 

Resistance  of  Copper  wire,  p.  1 — 38.     See  Arts.  636 — 646. 
No.  20.     Experiments  with  the  artificial  Torpedo,  p.  1 — 26.     See 

Arts.  576 — 615.   M.  1  to  M.  42.    Measurement  of  Leyden 

«  So  in  MS. 
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jara  aud  batteries  and  of  thickness  of  platca.  See  Arts. 
581 — 502.  "Extract  from  Dr  Williamson's  esper.  on  elect. 
Eel  made  in  July  1773"  p.  1  to  14  +  ■*  pp.  (See  Phil. 
Trans.,  1775,  p.  9i.} 
■n  Art.  349,  p.  172  of  this  book,  Cavendish  uses  the  expression 
1 1  wrote  the  second  part*  of  this  work."  It  appears  from 
that  lie  meant  it  for  a  book,  not  a  papor  to  be  communicated 
B  Royal  Society.  Several  portions  of  this  book  are  contained 
r  manuscripts,  but  the  order  in  which  they  were  intended 
I  placed  can  be  discovered  only  by  lietp  of  the  tignrps  and 
nios,  which  are  numbered  from  1  to  31. 
Vrom  these  it  appears  that  we  must  begin  with  No.  4  and  No.  5, 
■Freliminary  Propositionsf  and  the  Appendix*.  The  Prelinn- 
f  Proportions  refer  to  the  printed  paper  of  1771.  The  last 
isition  ill  that  paper  is  numbered  sxvii.,  and  the  first  in  the 
s  XXIX.,  so  that  one  proposition  appears  to  be  missing,  but 
(here  are  several  drafts,  in  all  of  which  the  first  proposition 
inmbered  ixix^  it  is  probable  either  that  Prop  xxvni.  is  not 
L  bat  must  be  sought  for  among  tbe  enunciations  in  the  second 
It  of  the  printed  paper,  or  else  that  Cavendish  made  a  mistake 
fnuinbering  his  propositions. 

The  Lemmas,  however,  are  numbered  consecutively,  the  last  in 
lie  printed  paper  being  Lemma  xi.  and  the  first  in  the  MS. 
uama  xiL 

t  The  other  mathematical  manuscripts  are  either  drafts  of  these 
Kitions  or  jottings  of  calculations  not  intended  for  publication. 
e  paper  entitled  "Tliouglits  concerning  electricity"§  (No.  18) 
1  next.  It  forms  a  suitable  introduction  to  the  accoiint  of 
teiperimonts,  as  it  indicates  the  leadiug  ideas  of  Cavendish's 
nhes.  The  paper  has  no  date,  but  its  contents  sliow  that  it 
n  earlier  form  of  the  theory  of  electricity,  which  Cavendish  had 
idy  abandoned  before  he  wrote  the  paper  of  1771-     The  pro- 

•  Thii  Boema  lo  refer  to  Uis  second  part  at  the  paper  in  tho  Phil.  Tnin/.,  1771, 
(TO,  or  Art.   IS3  of  tiiis  edition,  and  ahowB  that  this  paper  whb  intended  to 
I  fonntlieftwl  p«rt  of  the  "Work." 

t  jUt>.  1*0  to  174.  t  ArtB.  175  to  191, 

i  AiU.  196  to  316. 
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positions  in  No.  17  belong  to  this  form  of  the  theoiy,  and  are  gira 
in  Not«  18. 

We  have  next  the  account  of  the  experiments,  the  order  of 

which  is 

No.    7  Figs.  12  to  13  Exp.  i.  and  n.         Arts.  217  to  235 

No.    9  Figs.  14  „  19  Exps.  lu.  to  vin.    Arts.  236  „  294 

No.  10  Figs.  20  „  30  Arts.  295  „  385 

No.    8  Fig.  31  Arts.  386  „  394 

The  style  in  which  these  papers  are  written  leaves  no  doabt 
that  they  were  intended  to  form  a  book,  and  to  be  published. 
They  are  given  here  without  any  alteration  except  in  the  case  of » 
few  abbreviations  the  meaning  of  which  is  either  obvious  or  is 
explained  in  some  other  part  of  the  MS.  I  have  also  divided 
them  into  articles  for  the  sake  of  more  convenient  reference.  AH 
additions  to  the  MS.  are  enclosed  in  square  brackets.  .\ 

After  this  I  have  placed  the  paper  on  the  Torpedo  from  tke 
Philosophical  Transactions  for  1776.  This,  I  think,  is  the  whole 
of  the  "work"  which  is  extant,  but  it  is  by  no  means  a  complete  ac- 
count of  Cavendish's  electrical  researches.  There  are  three  forms 
in  which  Cavendish  recorded  the  results  of  his  experiments: 

1st.  A  Journal  containing  notes  of  every  observation  as  H 
was  made,  with  the  particulars  of  the  experiments,  and  measoie- 
inents  of  the  apparatus. 

2nd.  "Results,"  containing  a  comparison  of  the  different 
measures  of  quantities  as  recorded  in  the  Journal,  and  a  deduction 
of  the  most  probable  result.    See  Arts.  647 — 696. 

3rd.     An  account  of  the  experiments  written  for  publication. 

I  have  reproduced  the  journals  for  1771*  and  1772"f*  entire, 
because  they  form  a  good  example  of  Cavendish's  method  of  work-* 
and  because  they  contain  all  the  dati\  of  some  of  the  most  import^ 
ant  electrical  measurements. 

The  journal  for  1773^  is  much  larger  than  the  others,  and  give* 
an  account  of  many  interesting  and  important  researches. 

Many  pages  of  this  journal,  however,  are  filled  with  the  details 
of  the  experiments  for  the  comparison  of  the  coated  plates  which 

*  Arts.  438  to  465.  f  Arts.  466  to  493.  t  Arts.  404  to  580.       \: 
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Cirendisli  used  as  standardB  of  capacity.  These  experiments  diflfer 
in  no  respect  from  those  in  the  former  journalB,  and  all  the  conclu- 
rioQs  which  CftTendiah  deduced  from  them  are  stated  by  himself  in 
the  "  Besidts."  I  have  therefore  thought  it  best  to  omit  them  from 
ihe  journal,  but  to  retain  Cavendish's  heading  of  each  experiment 
uid  its  date  when  known,  and  to  make  the  numbers  of  the  omitted 
aiticle»i  nin  on  continuously  with  thoee  retained. 

Many  of  the  entries  in  the  journals  give  the  day  of  the  week 
bdJ  of  the  month,  but  very  few  of  them  give  the  year.  I  have 
therefore  ascertained  in  what  years  the  stated  days  of  the  week 
mJ  monUi  coincided,  and  have  inserted  the  most  probable  year 
"filhiri  w|iiare  brackets.  It  thus  appears  that  the  jotirna!  entitled 
'Kxperiments  in  1773"  begins  with  experiments  made  in  October, 
1~2.  Cavendish  appears,  however,  to  have  got  wrong  in  his 
rrekoning  fur  a  good  many  days  together  during  that  month. 
See  Art  502. 

It  is  somewhat  difficult  to  account  for  the  fact,  that  though 
Cavendish  had  prepared  a   complete   description  of  his  experi- 
ments on  the  charges  of  bodies,  and  had  even  taken  the  trouble  to 
write  out  a  fair  copy,  and  though  all  this  seems  to  have  been 
le  before    1774,  and   he   continued  to  make   experiments  in 
icity  till  1781,  and  lived  on  till  1810,  he  kept  his  manu- 
ipt  by  him  and  never  published  it.     It  was  not  till  1784  that 
communicated  to  the  Royal  Society  those  "'  Experiments  on 
including  the  production  of  water  and  of  nitric  acid,  the 
irbing   interest   of  which   might    perhaps   account    for   some 
>Iect  of  his  electrical  writings. 

Cavendish  cared  more  for  investigation  than  for  publication. 

would   undertake  the  most  laborious  researches  in  order  to 

up  a  difficulty  which  no  one  but  himself  could  appreciate,  or 

even  aware  of,  ami  we  cannot  doubt  that  the  result  of  his 

[uiries,  when  successful,  gave  him  a  certain  degree  of  satisfac- 

But  it  did  not  excite  in  him  that  desire  to  communicate  the 

ivery  to  others  which,  in  the  case  of  ordinary  men  of  science, 

rally  ensures  the  publication  of  their  results.    How  completely 

researches  of  Cavendish  remained  unknown  to  other  men 

of  science  is  shown  by  the  external  history  of  electricity. 
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Viscount  Mahon,  afterwards  Lord  Stanhope,  a  man  of  great 
ingenuity  and  fertility  in  invention,  a  pupil  of  Le  Sage  of  Geneva, 
and  tije  inventor  of  the  printing  press  which  bears  his  name* 
published  in  1779  his  Principles  of  Electricity,  The  theory 
developed  in  this  book  is  that 

**A  positively  electrified  IkxIv  siirroimded  by  air  will  dopodt  • 
"  upon  all  the  particles  of  that  Air  which  shall  coine  succes<sively  into 
*'  contact  with  it,  a  proi>ortioiial  [lart  of  its  superabumlant  Electricity, 
"  By  which  means,  the  -■!  ir  surroimding  that  body  will  also  become 
"  l^ositix'ef*/  i.*ltx*tritied :  that  is  to  say,  it  will  form  round  that  positive 
*' body,  an  electrical  atmosphere,  which  will  likewnse  be  positive."  (p7.) 

**Tliat  the  electrical  Deutfity  of  all  such  Atmospheres  decreaaes^ 
*•  when  the  distance  fi-om  the  charged  Body  is  increased."     (p.  14.) 

He  then  proceeds  to  determine  the  law  of  the  density  of 
the  electrical  atmosphere,  as  it  depends  on  the  distance  from 
the  charged  body.  He  assumes  that  if  a  cylinder  with  hemi- 
spherical ends  is  placed  in  the  electrical  atmosphere  of  a  charged 
body,  the  density  of  the  electricity  at  any  part  of  the  cylin- 
der will  depend  on  the  density  of  the  electrical  atmosphere  in 
contact  with  it. 

He  also  shows  by  experiment  that  if  the  cylinder  is  insuUted, 
and  originally  without  charge,  it  does  not  become  charged  as 
a  whole  by  being  immersed  in  the  electrical  atmosphere  of  a 
(barged  body.  Hence,  when  the  electricity  of  the  cylinder  ia 
disturbed,  the  whole  positive  charge  on  one  portion  of  the  sui&oe 
is  numerically  equal  to  the  whole  negative  charge  on  the  other 
j)ortion. 

Now  if  the  density  (on  the  cylinder)  were  inversely  as  the 

<listnncc   from    the   charged   body,    a   transverse   section   of  the 

cvlinder  whose  distance  from  the  charged  body  is  the  geometric 

mean  of  the  distances  of  the  ends,  would  divi<le  the  charge  into 

two  ecjiial  parts  (both  of  course  of  the  same  kind  of  electricity), 

but  if  the  <l(^nsity  were  inversely  as  the  square  of  the  distance, 

I  lie  distance  of  the  section  which  would  bisect  the  charge  would 

be  tiie  harmonic  mean  of  the  distance  of  the  ends.     In  all  this 

be  tacitly  confounds  the  point  of  bisection  of  the  charge  with  the 

iHutnd  point. 
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He  then  shows  by  experiment  that  the  actual  positioa  of 
;be  neutral  poiDt  agrees  sufficieutlj  well  with  the  harmonic 
mean,  but  not  with  the  geometric  mean,  and  from  this  he  con- 
dudes  (p.  65), 

"C-otiBcijiipntly,  it  eviJpntly  ajipeara,  fi-oni  what  was  eaid  above, 
"that  i)io  Density  of  the  Electricity,  of  the  electiiual  Atmosphere  (iii 
"  which  th^  said  Body  A,  H  was  imiuereeJ)  was  ui  the  ijirei^  Ratio  of 

'•  square  nf  the  Distance." 

t  is  evident  from  this  that  Lord  Mahon  was  entirely  ignorant 
JBTytliing  which  Cavendish  had  done. 

Mut  the  close  of  the  century  Dr  Thomas  Young,  whose  ac- 
ptance  with  all  branches  of  science  was  as  remarkable  for  its 
it  as  for  its  profundity,  nays  of  this  neutral  point : 

(  from  the  situation  of  this  point  tiiat  Lord  Stanhope  fii'st 
i  the  true  law  of  the  electric  attractions  and  repulsions,  although 
■  Cavnodish  had  before  Hiiggeabcd  the  same  law  as  the  moat  probalile 
isition,"     (I«cture  LIIL) 

e  same  writer.  In  his  "  Life  of  Cavendish,"  in  the  Supple- 
Ito  tba  Encyclopatdia  Britannica,  gives  the  following  account 
le  first  paper  on  electricity. 

.  An  Attempt   to  explain   »ome  of  l/if  principal  Phenonmm  of 
'viy  hg  means  of  an  FAmtus  Fluid.     {Phil.  Trnnn.  1771.  p.  5S-1.) 
t  BSthor'a  theory  of  electricity  agrees  with  that  which  Lad  bistn 
Kdicd  a  few  years  before  by  ./Gpiinis,  but  he  has  entered  moi*e 
Jntcly  into  the  details  nf  calculation,  showing  the  niann>>r  in  which 
I  auppoaed   fluid  must  be  distributed  in  a.  variety  of  cases,  and 
'  '  '    '  the  phenomena  of  electrified  and  charged  substances  ns 
f  are  actually  observed.     There   is   somo   degree  of  unnecessary 
1  from   the  grmt  generality  of  the  detcimlnatioiis :   the 
I'of  electric  attraction  and  repulsion  not  having  bocn  at  that  time 
%  ascertained,  although   Jlr  Cavendish  inclines  to  the  true  BU[t- 
JtkWi  of  forces  i^rying  inversely  as  the  square  of  the  distance ; 
I  d(£ciency  he  proposes  to  supply  by  future  experiments,  and  leaves 
0  more  skilful  mathematiciHos  to  render  some  other  [inrts  of  the 
f  a^l    more  complete.     He  probably  found  that  the  necessity 
]  oxijeriinenta,  which   he   intended  to  pm'stie,  was  afterwards 
cded    by  thune  of  Lord    Stanhope  and  M.  Coulomb;    ijut  he 
I  carried    the    luuthematiod    investigation  sumKwbat  furthur  at  a 
r  period  of  his  life,  though  he  did  not  publish  hia  jiapors ;  ait 
'an,  however,  wbicli  is  the  less  to  be  rrgcetted,  as  M.  Poisson, 
i  by  all  the  iinjirovcments  of  modern  analysis,  has  lately  treated 
lite  iiubjt>ct  in  a  very  masterly  muuner.     The  acknowledged  im- 
If  jMf<«<i'>n*,  in  noine  parte  of  Mr  Cavendish's  demonstrative  reasoning, 
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'*  have  served  to  display  the  strength  of  a  judgment  and  sagacity  stall 
''more  admirable  than  the  plodding  labours  of  an  automatical  calco- 
"  later.  One  of  the  corollaries*  seems  at  first  sight  to  lead  to  a  mode 
"  of  distinguishing  positive  from  negative  electricity,  which  is  not  josti- 
**  fied  by  experiment ;  but  the  fallacy  appears  to  be  referable  to  the 
"very  comprehensive  character  of  the  author's  hypothesis,  which  r^ 
"quires  some  little  modification  to  accommodate  it  to  the  actual  ci^ 
"  cumstances  of  the  electric  fluid,  as  it  must  be  supjiosed  to  exist  in 
"  nature.'' 


No  man  was  better  able  than  Dr  Young  to  appreciate  the 
scientific  merits  of  Cavendish,  and  it  is  evident  that  he  spared  j 
no  pains  in  obtaining  the  data  from  which  be  wrote  this  sketdi  | 
of  his  life,  yet  this  account  of  his  electrical  researches  shows  t  j 
complete  ignorance  of  Cavendish's  unpublished  work,  and  this  j 
ignorance  must  have  been  shared  by  the  whole  scientific  world.        1 

Dr  Young,  as  it  appears  from  the  above  extract,  was  aware  i 
of  the  existence  of  unpublished  papers  by  Cavendish  relating  I 
to  electricity,  but  he  supposed  that  these  papers  were  entirely  } 
mathematical,  and  that  ''he  probably  found  that  the  necessity 
of  the  experiments  which  he  intended  to  pursue  was  aflerwardfl  . 
superseded  by  those  of  Lord  Stanhope  and  M.  Coulomb.'* 

We  now  know  that  the  unpublished  mathematical  papers  were 
entirely  subsidiary  to  the  experimental  ones,  and  it  is  plain  from 
Art.  95  that  Cavendish  had  actually  made  some  of  his  experiments 
before  the  paper  of  1771,  and  that  all  those  on  electrostatics  were 
completed  before  the  end  of  1773. 

The  favourable  reception  which  Lord  Stanhope*s  very  inter- 
esting and  popular  experiments  met  with  may  have  influenced 
Cavendish  not  to  publish  his  own,  but  his  estimate  of  their 
value  as  a  foundation  for  a  theory  of  electricity  may  be  gathered 
from  the  fact,  that  in  his  "Thoughts  concerning  Electricity," 
w^hich  appears  to  be  his  earliest  writing  on  the  subject,  he  de- 
votes two  pages  (Arts.  195 — 198)  to  the  refutation  of  the  veiy 
theory  of  electric  atmospheres  which  is  the  basis  of  Lord  Stan- 
hope's reasoning;  whereas  in  the  paper  of  1771,  which  con- 
tains his  more  matured  views,  he  does  not  even  allude  to  that-: 
theory. 


*  Art.  49  and  Note  1. 
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It  was  not  till  I78S  th&t  the  first  of  the  seven  electrical 
nemoirs  of  M.  Coulomb  wa^  published.  The  experiinenta 
^corded  in  tbese  memoirs  furnished  the  data  on  which  the 
Batbetnatical  theory  of  electricity,  aa  we  now  have  it,  was 
KUi&lly  founded  by  Poisson,  and  it  is  impossible  to  overesti- 
Diate  the  delicacy  and  iugeuuity  of  bis  npparatus,  the  accuracy 
sf  bis  observations,  and  the  sound  scientilic  method  of  his 
resesrcbes;  but  it  is  remarkable,  that  not  one  of  bis  experi- 
ments coincides  with  any  of  those  made  by  Cavendish,  Tlie 
nelhod  by  which  Coulomb  made  direct  measurements  of  the 
dectric  force  at  different  distances,  and  that  by  which  he  com- 
|Ntred  the  density  of  the  surface-charge  on  different  parts  of  con- 
ductors, are  entirely  his  own,  and  were  not  anticipated  by  Caven- 
diili.  On  the  other  baud,  tiie  very  idea  of  the  capacity  of  a 
conductor  as  a  subject  of  investigation  is  entirely  due  to  Caveu- 
did,  and  nothing  equivalent  to  it  is  to  be  found  in  the  memoirs 
of  Coulomb. 

Tlie  leading  idea  which  distinguishes  the  electrical  researches 
of  Caveudish  from  those  of  Lis  predecessors  and  contemporaries, 
it  the  introduction  of  the  phrase  "  degree  of  electrification  "  with 
a  dear  scientific  definition,  which  shows  tliat  it  is  precisely  equiva- 
leot  to  what  we  now  call  pot^jnttai. 

In  his  6rst  published  paper  (1771),  he  begins  at  Art.  101 
ty  giving  a  precise  sense  to  the  terms  "positively  and  nega- 
tively electrified,"  which  up  to  that  time  had  been  in  common 
Me,  but  were  often  confounded  with  the  terms  "  over  and  under 
duiged,"  and  in  Art.  102  be  defines  what  is  meant  by  the  "  de- 
pw  of  electrification." 

'  We  find  the  same  idea,  however,  in  the  much  earlier  draft  of 
lii  theory  in  the  "Thoughts  concerning  Electricity,"  Art.  201, 
•iiore  the  degree  of  electrification  is  boldly,  if  somewhat  pre- 
iiMtnrvly,  explained  in  a  physical  sense,  as  the  compressioTt, 
\,»u  we  should  now  say,  the  pressure,  of  the  electric  fluid. 

We  can  trace  this  leading  idea  througli  the  whole  course  of 
'(Hit  electrical  researches. 

He  ahowg  that  when  two  charged  conductors  are  connected 
||ir  a  wire  they  must  be  electrified  in  the  same  degree,  and  he 
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devotes  the  greater  part  of  his  experimental  work  to  the  com- 
])arisoii  of  the  charges  of  the  two  bodies  when  equally  elec- 
trified. 

He  ascertained  by  a  well-arranged  series  of  experiments  the 
ratios  of  the  charges  of  a  great  number  of  bodies  to  that  of  a 
sphere  121  inches  in  diameter,  and  as  he  had  already  proved  that 
the  charges  of  similar  bodies  are  in  the  ratio  of  their  linear  dimen- 
sions, he  expressed  the  charge  of  any  given  body  in  terms  of 
the  diameter  of  the  sphere,  which,  when  equally  electrified,  would 
have  an  equal  charge,  so  that  when  in  his  private  journals  he 
speaks  of  the  charge  of  a  body  as  being  so  many  "globular  iDches," 
or  more  briefly,  so  many  "  inches  of  electricity,"  he  means  thtt 
the  capacity  of  the  body  is  equal  to  that  of  a  sphere  whose 
diameter  is  that  number  of  iuches. 

In  the  present  state  of  electrical  sciencfe,  the  capacity  of  a 
body  is  defined  as  its  charge  when  its  potential  is  unity,  and  the 
capacity  of  a  sphere  as  thus  defined  is  numerically  equal  to  iti ' 
radius.  Hence,  when  Cavendish  says  that  a  certain  conducted 
contains  n  inches  of  electricity,  we  may  express  his  result  in 
modem  language  by  saying  that  its  electric  capacity  is  ^n  inchea 

In  his  early  experiments  he  seems  to  h«ave  endeavoured  to 
obtain  a  number  of  conductors  as  different  as  possible  in  form, 
of  which  the  capacities  should  be  nearly  equal.  Thus  we  find 
him  comparing  a  pasteboard  circle  of  194  inches  in  diameter 
with  his  globe  of  121  inches  in  diameter,  but  finding  the  charge 
of  the  circle  greater  than  that  of  the  globe,  he  ever  after  uses  a 
circle  of  tin  plate,  185  inches  jn  diameter,  the  capacity  of  which 
he  found  more  nearly  equal  to  that  of  the  globe. 

In  like  manner  the  first  wire  that  he  used  was  96  inches  long 
and  01 8.5  diameter,  but  afterwards  ho  always  used  a  wire  of  the 
same  diameter,  but  72  inches  long,  the  capacity  of  which  wai 
more  nearly  equal  to  that  of  the  globe. 

lie  also  pr(>vi<led  himself  with  a  sot  of  gljiss  plates  coated 
with  circli's  of  iin-foil  on  lx)th  sides.  These  plates  formed  three 
sets  of  three  of  Q([unl  capicity,  the  capacities  of  the  three  sett 
being  as  1,  3  and  0,  M'ith  a  tenth  coated  plate  whose  capacity 
was  as  27. 
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Besidee  these  he  had  "double"  plates  of  very  stnall  capacity 
of  two  plates  of  glasa  stuck  together,  and  also  other  plates  of 
and  rosin,  the  inductive  capacity  of  these  eubstances  being, 
)  had  already  found,  less  than  that  of  glass;  and  jars  of  larger 
city,  ranging  up  to  hia  great  battery  of  4ft  jars,  whose  capacity 
321000  "inches  of  electricity."  In  estimating  the  capacity 
ids  battery,  he  used  the  method  of  repeated  touching  with  a 
Ijr  of  small  capacity.  (Arts.  412,  441,  582.)  Thia  method  is 
same  as  that  used  by  MM.  Weber  aud  Kohlrausch  in  their 
lical  investigation  of  the  ratio  of  the  electric  units*. 
Thus  the  method  of  experimental  research  which  Cavendish 
lered  to  was  the  comparison  of  capacities,  and  the  formation  of 
Ruluated  series  of  condonsera,  such  as  is  now  recognised  as  the 

mportant  apparatus  in  electrostatic  measurements. 

We  have  next  to  consider  the  steps  by  which  he  established 

accuracy  of  his  theory,  and  the  discoveries  he  made  respecting 

dectiical  properties  of  different  substances. 

Cavendish  himself,  in  his  description  of  his  experiments,  has 

D  oa  the  order  in  which  he  wishes  us  to  consider  them.     The 

experimentt  is  that  of  the  globe  within  two  hemispheres, 

which  he  proves  that   the   electric   force   varies   inversely 

ihe  square  of  the   distance,   or   at   least   cannot   differ   from 

ratio   by  more  than  a   fiftieth   part.      The   degree  of  ac- 

uy  of  all  the  experiments  was  limited  by  the  sensitiveness 

he  pith  ball   electrometer  which   he  used.     Bennett's  gold 

electrometer,  which  is  much  more  sensitive,  was  not  intro- 

d  till  1787,  but  in  repeating  the  experiment  we  can  now  use 

'a  Quadrant  electrometer,  and  thereby  detect  a  deviation 

\  the  law  of  the  inverse  square  not  exceeding  one  in  72000, 

Kot«  19. 

The  second  experiment,  Art.  235,  is  a  repetition  of  the  first 

bodies  of  different  shape. 
He  third  experiment,  Art.  265,  shows  that  in  comparing  the 
of  bodies,  the  place  where  the  connecting  wire  touches  the 
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body,  and  the  form  of  the  connectiDg  wire  itsdf,  are  matters  o 
indifference. 

The  fourth  experiment,  Art.  269,  shows  that  the  charges  ol 
bodies  of  the  same  shape  and  size,  but  of  different  substances,  an 
equal 

The  fifth,  Art.  273,  compares  the  charge  of  a  large  circle  witii 
that  of  two  of  half  the  diameter.  According  to  the  theoiy  the 
charge  of  the  large  circle  should  be  equal  to  that  of  the  two  smaD 
ones  if  they  are  at  a  great  distance  from  each  other,  and  equal  ta 
twice  that  of  the  small  ones  if  they  are  close  together.  Cavendid 
tried  them  at  three  different  distances  and  compared  the  resuUi 
with  his  calculations. 

The  sixth  experiment.  Art  279,  compares  one  long  wire  witb 
two  of  half  the  length  and  half  the  diameter,  placed  at  differed 
distances. 

The  seventh,  Art  281,  compares  the  charges  of  a  globe,  a  circhs 
a  square,  an  oblong  and  three  different  cylinders,  and  the  eighth, 
Art  288,  shows  that  the  charge  of  the  middle  plate  of  three  paral- 
lel plates  is  small  compared  with  that  of  the  two  outer  one& 

Cavendish  next  describes  his  experiments  for  comparison  of  the 
charges  of  coated  plates  of  glass  and  other  substances,  but  b^[ioi 
by  examining  the  sources  of  error  in  measurements  of  this  kind. 

The  first  of  these  which  he  investigates  is  the  spreading  of 
electricity  on  the  surface  of  the  plates  beyond  the  coatings  of  tia* 
foil.  He  distinguishes  two  kinds  of  this  spreading,  one  a  gradtul 
creeping  of  the  electricity  over  the  surface  of  the  glass.  Art  SOft 
and  the  other  instantaneous.  Art.  307. 

He  attempted  to  check  the  first  kind  by  varnishing  the  gla»^ 
plates  and  by  enclosing  their  edges  in  a  thick  frame  of  cemen^ 
but  he  found  very  little  advantage  in  this  method,  and  final^ 
adopted  the  plan  of  performing  all  the  operations  of  the  experi- 
ment as  quickly  as  possible,  so  as  to  allow  very  little  time  for  tha 
gradual  spreading  of  the  electricity. 

He  next  investigated  the  instantaneous  spreading  of  electricit| 
on  the  glass  near  the  edge  of  the  coating.  He  noticed  that  at  tki 
instant  of  charging  the  plate  in  the  dark,  a  faint  light  could 
seen  all  round  the  edges.     He  also  observed  that  after  chargii 


^Kmes  ot  cbarging  a  plate  than  atterwarda. 

HpBrniiae  how  much  the  capacity  of  a  coatcJ  plate  was 

pa  tiy  this  apreading  of  the  electricity,  ho  compared  the 

y  of  a  plate  with  a  circular  coatiug  with  that  of  the  same 

rith  a  new  coating  of  nearly  the  same  area,  but  cut  into 

ao  that  its  perimeter  was  very  much  greater  than  that  of 

lular  coating. 

this  way  he  found  that  if  we  suppose  a  strip  of  uniform 

1  added  to  the  coating  all  round  its  boundary,  the  capacity 

coating,  supposing  the  electricity  not  to  spread,  will  be  equal 

of  the  actual  coating  as  increased  by  the  spreading  of  the 
itj.    The  most  probable  breadth  of  this  strip  he  found  to 
'  inch  for  thick  glass  and  009  for  thin. 
,en  this  correction  was  applied  to  the  areas  of  the  coatings 

different   coated   plates,  the   computed  charges  of  plates 
if  the  same  kind  of  gla.ss  were  found   to   be   very  nearly 
same  ratio  as  their  observed  charges. 
t  the  observed  charges  of  coated  plates  were  found  to  bo 

several  times  greater  than  the  charges  computed  from 
Iiicktiees  and  the  area  of  their  coatings,  the  ratio  of  the 
k1  charge  to  the  computed  charge  being  for  plate  glass 
9%  for  crown  glass  about  85,  for  shellac  about  4'47,  and  for 
rax  about  3'5.    Thus  Cavendish  not  only  anticipated  Fara- 
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Cavendish  determined  the  capacity  of  a  "  plate  of  air,"  that  is  to 
say  a  condenser  consisting  of  two  circles  of  tinfoil  on  glass  with  air 
between  them.  The  capacity  of  a  plate  of  air  was  found  to  be 
much  less  than  that  of  a  plate  of  glass  or  of  wax  of  the  same 
dimensions,  but  it  seemed  to  be  about  -^  in  excess  of  the  cal- 
culated value.     This  discrepancy  will  be  discussed  in  Note  17. 

These  may  be  considered  the  principal  results  of  the  investiga- 
tions with  coated  plates,  but  the  following  list  of  collateral  experi- 
mental researches  will  show  how  thoroughly  Cavendish  went  to  work. 

A  question  of  fundamental  importance  in  the  theory  of  die- 
lectrics is  whether  the  electric  induction  is  strictly  proportioDal 
to  the  electromotive  force  which  produces  it,  or  in  other  words,  ia 
the  capacity  of  a  condenser  made  of  glass  or  any  other  dielectric 
the  same  for  high  and  for  low  potentials? 

The  form  in  which  Cavendish  stated  this  question  was  as  fol* 
lows*: — ^** Whether  the  charge  of  a  coated  plate  bears  the  same 
proportion  to  that  of  a  simple  conductor,  whether  the  electrification 
is  strong  or  weak." 

Cavendish,  who  explained  the  fact  that  the  capacity  of  a  glass 
plate  is  greater  than  that  of  an  air  plate,  by  supposing  that  the 
electricity  is  free  to  move  within  certain  portions  of  the  glass, 
supposed  that  when  the  plate  was  more  strongly  electrified  the 
electricity  would  be  able  to  penetrate  further  into  the  glass,  and 
that  therefore  its  charge  would  be  greater  in  proportion  to  that  of 
a  simple  conductor  or  a  plate  of  air  the  stronger  the  degree  of 
electrification. 

But  according  to  the  experiments  he  made  to  answer  thii 
questioni"  a  coated  plate  and  a  simple  conductor  whose  charges 
were  equal  for  the  usual  degree  of  electrification  remained  sensibly 
equal  for  higher  and  lower  degrees,  and  if,  as  appeared  probable 
from  the  experiments  on  the  spreading  of  electricity  at  the  edge  of 
the  coating,  this  spreading  extended  further  for  high  degrees  of 
electrification  than  for  low,  it  would  be  necessary  to  admit  that 
the  charge  of  a  glass  plate  became  less  in  proportion  to  that  of  A 
simple  conductor  as  the  degree  of  electrification  increased.  Caven- 
dish, however,  concluded  that  the  experiments  were  hardly  accuratli 

*  Art.  520.  t  Arts.  855—365. 
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eooagh  to  warrant  the  deduction  frotn  them  of  so  improbable  a 
eoadiuion. 

Ho  also  found  that  the  result  of  tbe  comparison  of  a  coated 
(ibite  and  a  simple  conductor  was  the  same  whether  tbey  were 
clurged  positively  or  negatively. 

He  tried  whether  the  capacity  of  a  plate  of  rosin  altered  with 
the  temperature,  but  he  could  not  find  that  it  did*.  In  glass  he 
fouud  that  the  capacity  increased  as  the  temperature  rose,  but  the 
mMt  decided  increase  did  not  occur  till  the  glass  began  to  conduct 
wmewbat  freely.  Cavendish  therefore  does  not  consider  tlie  ex- 
periment quite  decisive+. 

He  found  that  the  apparent  capacity  of  a  Florence  flaskj  was 
greater  when  it  continued  chatted  a  good  while  than  when  it  was 
cburged  and  discharged  immediately,  aJid  he  found  that  the  same 
WM  the  case  with  a  coated  globe  of  glass.  This  phenomenon, 
»hich  Faraday  called  "electric  absorption,"  has  recently  been  care- 
folly  studied  in  different  kinds  of  glass  by  Dr  Hopkinsoii§.  It  is 
couiiected  with  the  long-known  phenomenon  of  the  "residual 
chirge,"  and  the  existence  of  such  phenomena  in  many  dielectrics 
reoiiers  it  difficult  to  obtain  consistent  values  of  their  inductive 
capacities;  for  the  more  rapidly  the  charging  and  discharging  is 
rffected  the  lower  is  the  apparent  value  of  the  capacity.  It  is  for 
tiiis  reason  that  condensers  of  glass  cannot  be  used  as  standards 
of  capacity  when  accurate  measurements  are  desired. 

Franklin  bad  shown  |1  that  the  charge  of  a  glass  condenser  re- 
ffliliB  in  the  glass  and  not  in  the  coatings,  for  when  the  coatings 
were  removeti  they  were  found  to  be  without  charge,  and  when 
WW  coatings  were  put  in  their  place  the  condenser  thus  recon- 
^hetetl  WA9  found  to  be  charged. 

^^Kvendbh  tried  whether  this  was  the  case  with  a  cliargea 
^^Bof  air,  by  lifting  one  of  the  electrodes  and  changing  the  air 
Hnen  them  and  then  replacing  the  electrode.  He  found  that 
^charge  wna  not  altered  during  these  operations,  and  concluded 
^  the  charge  resides,  not  in  the  air,  but  in  the  metal  plates. 

*  Art.  G2B.  +  Alt,  aCfi.  J  Art,  523. 

I    I  PIUI.  Tran:  1877.  p.  SOS. 
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Ln  Ant  SX  v>  S0  ve  fad  a  flua  i.gi«T#—  mediod  of  detei 
■ciasi^  bnr  eifKnbeKt  ditE:  €&es  «f  Ae  &wr,  mik  and  oeiliii|;  of 
nMQB,  aiai  «f  ««Ler  BsnosmSmig  ciiyeciz,  in  inaeasiiig  the  airmen 
<afaeccT<€  a  ccndocSior  pSftecd  m  a  ghvn  poatioD  in  the  room 
n^  BK!di«cid  tfjDssBU  in  iDcassix^  the  G^adties  of  two  conductor 
of  tbe  Bune  shaft  bot  <^  differeiii  drnifwJonB^  the  centre  of  ead 
iKSfig  at  tliier  giTcn  frAm  in  tkenum.  If  the  ezpmment  hadbeei 
made  vith  the  ocmdocunts  ai  an  infinite  distance  firom  all  othe 
bcidies  their  capacities  voold  hare  heok  in  the  ratio  of  thei 
ourrecpoDding  dimei»oas,  but  the  effBCt  of  sanoonding  objects  ii 
to  make  their  capacitiES  Tair  in  a  h^;faer  ratio  than  that  crftheii 
dimenrioni,  and  from  the  meaemcd  ratio  of  the  two  capacitiefl;  ihi 
e/3fnrectum  tor  the  (fffiurt  of  sonoimdii^  olgectB  on  the  capacity  oi 
an  J  small  bod j  may  be  calculated. 

Caveitdisb  also  verified  bj  experiment  what  he  had  alreadj 
proved  theoretically,  that  the  capadty  of  two  condenaen  is  not  sen- 
aiblj  altered  when  they  are  {daced  near  to  each  other  or  fiir  apart 

But  bendes  this  series  oi  experiments  <m  electric  capacity, 
another  course  ot  experiments  on  electric  reastanoe  was  going  on 
iMween  1773  and  1781,  the  knowledge  ot  which  seems  never  tc 
have  beeu  communicated  to  the  world. 

In  his  paper  on  the  Torpedo  in  the  Philosophical  TrxxModmk 
for  1776  (Art.  398)  he  alludes  to  "  some  experiments  of  which  1 
**  propose  shortly  to  lay  an  account  before  this  Society/'  but  he 
never  followed  up  this  proposal  by  divulging  the  method  by  whicli 
he  obtained  the  results  which  he  proceeds  to  state — '^  that  iron 
**  wire  conducts  about  400  million  times  better  than  rain  or  dis* 
"  tilled  water*,"  and  that  "  sea  water,  or  a  solution  of  one  part  oi 
''salt  in  30  of  water  conducts  100  times,  and  a  saturated  solution 
"  of  sea-salt  about  720  times  better  than  rain  water." 

8uch  was  the  reputation  of  Cavendish  for  scientific  accuracj 
that  these  bare  statements  seem  to  have  been  accepted  at  onoe 

*  Thin  in  oquivalont  to  saying  that  iron  wire  condnots  555,555  times  better  ihs 
Maturated  Nolution  of  sea  salt.  A  comparison  of  the  experiments  of  Matthieesen  oi 
iron  with  those  of  Kohhrausch  on  solutions  of  sodiom  chloride  at  18<>0.  would  mil 
the  ratio  451,890.  The  resistance  of  iron  increases  and  that  of  the  solntifl 
diminishes  as  the  temperatnie  rises,  and  at  a  temperature  of  about  UK),  the  ral 
of  the  resistances  would  agree  with  that  giyen  by  Gavendish. 
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Booo  found  their  way  into  the  general  stock  of  scientific  infor- 
Du,  altlioiigli  DO  one,  as  far  as  I  can  uinke  out,  has  ever  oon- 
tred  by  what  method  Cavemlisli  actually  obtained  thein,  more 
1  forty  years  before  the  invention  of  tlie  galvanometer,  the  only 
■ntnent  by  which  any  one  else  liae  ever  been  able  to  compare 
ric  resistances. 

Ve  leam  from  the  manuscripts  now  first  published,  that 
mdisb  was  his  own  galvanometer.  In  order  to  compare  the 
isity  of  currenta  he  caused  them  to  pass  through  hie  own  body, 
by  comparing  the  intensity  of  the  sensations  he  felt  in  his 
i  and  elbows,  he  estimated  which  of  the  two  shocks  was  the 
)  powerftiL 

Ls  Cavendish  does  not  appear  to  have  prepared  an  account  of 
B  experiments  in  the  manner  in  which  he  usually  wrote  out 
b  he  intended  to  publish,  it  may  be  well  to  describe  them  here, 
«  collect  them  from  difl'erent  parts  of  his  Journals. 
Die  conductors  to  be  compared  were  for  the  most  part  solu- 
f  of  common  salt  of  known  strength  or  of  other  substances. 
B  solutions  were  placed  in  gloss  tubes,  more  than  a  yard  long, 
•near  one  end.  Tho  tubes  liad  been  previously  calibrated  by 
U  of  mercury. 

wires  were  run  into  the  tube,  probably  through  holes  in 
corke  at  each  end,  to  serve  as  electrodes.  The  length  of  the  effec- 
tive colomn  of  the  liquid  could  be  altered  by  sliding  the  wire  in 
the  Etnught  part  of  the  tube. 

In  order  to  send  electric  discharges  of  equal  quantity  and  equal 
Electromotive  force  through  two  different  tubes  Cavendish  chose 
Bi  jais  of  nearly  equal  capacity  from  "  Naime's  last  battery."  The 
1*0  tubes  to  bo  compared  were  placed  so  that  the  wires  run  into 
their  bent  ends  communicated  with  tho  outside  of  this  battery  of 
ni  jars.  The  wires  run  into  the  straight  ends  of  the  tubes  were 
^tened  to  two  separately  insulated  pieces  of  tinfoil  The  six  jars 
rere  then  all  charged  at  once  by  the  same  conductor  till  the 
[luge  electrometer  indicated  the  proper  degree  of  electrification. 
lie  conductor  was  then  removed,  so  that  the  six  jars  remained 
rith  their  inside  coatings  insulated  from  each  other  and  equally 


uuwd. 


7 


l^iii  Dmoor€Tiox. 


Cavendiih  then  taking  two  pieees  of  metal,  one  in  each  hand, 
toQched  with  one  the  tinfoil  belongii^  to  one  of  the  tubes  to  be 
compared,  and  then  with  the  other  touched  the  knob  of  jar  No.  1, 
so  aa  to  receive  a  shock,  the  charge  passing  through  his  body  and 
the  first  tube. 

He  next  laid  one  of  the  metals  on  the  tinfoil  of  the  second 
tube,  and  then  touching  with  the  other  the  knob  of  jar  Ma  2,  he 
received  a  second  shock,  the  discharge  passing  through  his  body 
and  the  second  tube. 

In  this  way  he  took  six  shocks,  mi^Vii^g  them  pass  alternately 
through  the  first  and  the  second  tube,  and  proceeded  to  record  his 
impression  whether  the  intensity  of  the  shock  through  the  secoDd 
tube  was  greater  or  less  than  that  of  the  shock  through  the  first, 
and  concluded  that  the  tube  which  gave  the  greater  shock  had 
the  smaller  resistance. 

He  then  adjusted  the  wire  in  one  of  the  tubes  so  as  to  make 
the  resistance  more  nearly  equal  to  that  of  the  other,  and  repeated 
the  experiment,  always  recording  his  impression  of  the  result,  till 
he  found  that  one  adjustment  made  the  shock  of  the  second  tube 
sensibly  greater  than  that  of  the  first,  and  that  another  adjustment 
made  it  sensibly  less. 

From  the  result  of  the  whole  series  of  experiments  he  judged 
what  adjustment  would  make  the  two  shocks  exactly  equal. 

Instead  of  using  six  jars  only,  he  seems  latterly  to  have  used 
the  whole  battery,  electrifying  one  row  to  a  given  degree  and  then 
communicating  this  charge  to  the  whole  battery,  and  taking  the 
discharge  of  one  row  at  a  time  through  the  tubes  alternately.  He 
seems  to  have  found  some  advantage  in  thus  using  a  discharge  of 
greater  quantity  and  smaller  electromotive  force. 

The  accuracy  which  Cavendish  attained  in  the  discrimination 
of  the  intensity  of  shocks  is  truly  marvellous,  whether  we  judge  by 
the  consistency  of  his  results  with  each  other,  or  whether  we  com- 
pare them  with  the  latest  results  obtained  with  the  aid  of  the 
galvanometer,  and  with  all  the  precautions  which  experience 
has  shown  to  be  necessary  in  measuring  the  resistance  of  electro- 
lytes. 

Que  of  tlic  most  important  investigations  which   Cavendish 
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made  io  ihis  way  was  to  find,  as  he  expressed  it,  "what  power  of 
tie  velocity  the  resistance  is  proportional  to  '." 

Cavendisli  means  by  "resistance"  the  whole  force  which  resists 
ibe  current,  and  by  "  velocity"  the  strength  of  the  current  through 
unit  of  area  of  the  section  of  the  conductor. 

{In  modem  language  the  word  reelstance  is  used  In  a  different 
Muse,  and  is  measured  by  the  force  which  resiata  a  current  of  unit 
igth.) 

By  four  different  Beries  of  experiments  on  the  same  solution  in 
le  and  in  narrow  tubes.  Cavendish  found  that  the  resistance  (in 
lae)  varied  as  the 

1-08.  103,  0-97G,  and  100 
of  the  velocity. 

This  is  the  same  as  saying  that  the  resistance  (in  the  modorn 
i]  varies  as  the 

008,  003,  -0-024 
of  the  strength  of  the  current  in  the  first  three  sets  of  ex- 
imenta,  and  in  the  fourth  set  that  it  does  not  vary  at  ail. 
Tliis  result,  obtained  by  Cavendish  in  January,  1781,  is  an 
iDtjcipation  of  the  law  of  electric  resistance  discovered  independ- 
■tally  by  Ohm  and  published  by  him  in  1827.  It  was  not  till  long 
ir  the  latter  date  that  the  importance  of  Ohm's  law  was  fully 
ireciated,  and  that  the  measurement  of  electric  resistance  be- 
a  recognised  branch  of  research.  The  exactness  of  the  pro- 
iooality  between  the  electromotive  force  and  the  current  in 
lame  conductor  seems,  however,  to  have  been  admitted,  rather 
nothing  else  could  account  for  the  consistency  of  the 
iments  of  resistance  obtained  by  difl'erent  methods,  than 
Uie  evidence  of  any  direct  experiments. 

Borne  doubts,  however,  having  been  suggested  with  respect  to 
lUthemalical  accuracy  of  Ohm's  law,  the  subject  was  taken 
■ly  the  British  Association  in  187'1,  and  the  experiments  of 
>r  Chryslal,  by  which  the  exactness  of  the  law,  as  it  relates 
lOtallic  conductors,  was  tested  by  currents  of  every  degree  of 

•  Art*.  574,  .>73,  Oai).  686, 


IZ  DTTBODUCnOK. 

intensity,  are  contained  in  the  Beport  of  the  British  Associatioii 
for  1876. 

The  laws  of  the  strength  of  currents  in  multiple  and  divided 
circuits  are  accurately  stated  hy  CavendiBh  in  Arts.  417,  597,  598. 
Cavendish  applied  the  same  method  of  experiment  to  comparo 
the  resistance  of  the  same  liquid  at  different  temperatures*,  and  be 
found  that  "salt  in  69  [of  water]  conducts  1-97  times  better  in 
heat  of  105  than  in  that  of  58^."  He  also  found  that  ''the  pro- 
portion of  the  resistance  of  saturated  solution  and  salt  in  999  to  1 
each  other  seems  not  much  altered  by  varying  beat  from  60  *" 
to  95." 

Kohlrausch,  who  has  made  a  most  extensive  series  of  experi- 
ments on  the  resistance  of  electrolytes,  gives  results  from  which  it     I 
appears  that  the  ratio  of  the  resistances  of  salt  in  69  at  105*  F,     1 
and  at  58^*  F.  would  be  1'59.    He  also  finds  that  the  temperature 
coefficient  for  solutions  of  salt  alters  very  little  with  the  strength.     J 
See  Note  33.  1 

Cavendish   also  tested  the  resistance  of  solutions  of  salt  of 
strengths  varying  from  saturation  to  one  in  20000  of  distilled 
water,  and  arrived  at  the  result,  which  Kohlrausch  has  shown  to 
be  nearly  accurate,  that  for  weak  solutions  the  product  of  the     j 
resistance  into  the  percentage  of  salt  is  nearly  constant 

Of  all  substances,  that  for  which  different  observers  have  given      i 
the  most  different  measures  of  resistance  is  pure  water. 

It  has  been  found  indeed  that  the  presence  of  the  minutest 
trace  of  impurity  in  water  diminishes  its  resistance  enormously. 
Thus  Kohlrausch  found  that  it  was  necessary  to  use  water  quite 
freshly  distilled  in  platinum  vessels,  for  if  placed  in  a  glass  vessel 
it  rapidly  diminished  in  resistance  by  dissolving  a  minute  quanti^ 
of  the  glass,  and  a  few  minutes  exposure  to  the  air  of  the  lahoitr     i 
tory,  by  impregnating  the  water  with  a  trace  of  tobacco  smok^    I 
was  found  sufficient  to  spoil  it  for  a  determination  of  resistance.    ■ 
Kohlrausch  indeed  estimates  that  the  electric  conductivity  whie 
he  observed  in  the  purest  water  he  could  obtain  might  be  a 
counted  for  by  the  presence  of  no  more  than  one  ten  million 
part  of  hydrochloric  acid,  a  quantity  which  no  chemical  analy 

♦  Art.  691. 
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detect.     Hence  tte  hypothesis  that  water  is  a  nOD-conduc- 
of  electricity,  if  not  tnie,  cannot  be  disproved. 
Some  of  these  remarkable  properties  of  water  were  detected 

vccdisK     He  found  that  the  resistance  of  pump  water  was 
times  less  than  that  of  rain  water,  and  that  of  rain  water  was 
24  times  less  than  that  of  distilled  water*. 

In  January  1777,  he  found  that  salt  in  2999  conducted  about 

for  90  times  better  than  some  water  distilled  in  the  preceding 
smer  but  only  about  25  or  50  times  better  than  the  distilled 
ler  used  in  the  year  177Gt,  and  that  the  conductivity  of  distilled 
»at*r  increased  by  standing  two  or  three  hours  in  a  glass  tube  J. 

He  also  found  that  in  order  to  make  the  conducting  powers  of 

his  weakest  solutions  of  salt  agree  with  the  hypothesis  that  they 

Mc  as  the  quantity  of  salt  in  them,  it  would  be  necessary  only  to 

suppose  that  his  distilled  water  contained  one   part   of  salt   in 

;     IS()OO0§. 

'         It  was  found  that  distilled  water  impregnated  with  iixed  air 

from  oil  of  vitriol  and  marble  conducted  2i  times  better  than  tbe 

Bine  water  deprived  of  its  air  by  boiling  ||,  and  that  the  presence 

uf  absorbed  air  in  a  weak  solution  of  salt  seemed  to  increase  its 

,j     wudiictivityir. 

I  In  order  to  find  whether  electricity  is  resisted  in  passing  out  of 

t    one  toedium  into  another  in  perfect  contact  with  it,  Cavendiah 

prepared  a  tube  containing  8  columns  of  saturated  solution  of  sea 

salt  enclosed  between  columns  of  mercury.     He  found  that  the 

'    nhock  was  diminished   in   passing   through  a  mixed   column   in 

I  which  the  length  of  salt  water  was  218  inches  as  much  as  in 
pudng  through  a  single  column  of  the  same  size  whose  length 
lu  22-0*  inches*'. 
Tbe  difference  would  have  been  far  greater  if  the  comparison 
bad  been  made  with  an  ordinary  galvanometer  and  continued 
mrents  which  rapidly  produce  polarization,  but  with  the  small 
■piautities  of  electricity  which  Cavendish  used,  the  effect  of  polari- 
ation  would  hardly  be  sensible, 


He  a^  laauUi^  %  "TrrcLSinxzui  ^nxirz^rr  vxsasing  of  40  bits  of 
ti3.  icuficrifi  "sis^yiiEr.  Tit  faf:«!k  ^ar»:i2si  *&i»  appeared  to  be  of 
•A*  sme  f:a»n:ri.  «  i-r:»i:ii  %  ss^jt  poece  of  the  same  size. 
Tla  erpcrrsKtL*  i«^T-?T»r  2*  aiii:  cf  zaiirfi  Tihe,  as  the  reastance 
^  tLe  <&:cir&7>:r  ^10  ^  v«:  az^aZ  rcGLpare*!  viih  that  of  Caven- 

We  n»y»'  crjc^  •►>  a  Trcj  recsarkiiie  sb-t  of  experiments  which 
CaT^Qvliih  mftir  ^jCi  a  serirs  *^  sals  az>i  acids  in  order  to  deter- 
mine tb«r  relaare  ei^ecriic  resErra&^e.  Ther  are  recorded  in  Arts. 
626.  627  and  G>4,  a&i  are  datr-rd  Jan.  13  an*i  15.  1777. 

The  strength  of  the  •inSrrect  solacions  vas  such,  as  Cavendish 
teUs  us,  "that  the  qoantitr  of  acid  in  each  should  be  equivalent  to 
that  in  a  solution  of  salt  in  29  of  water.* 

The  total  weight  of  each  st^lation  was  3  poonds  10  ounces  and 
12  pennyweights,  or  1116  pennyweights  Troy.  The  qnantily  of 
each  substance  when  reduced  to  pennyweights  is  in  every  case 
very  nearly  the  equivalent  weight  of  that  substance  in  the  system 
adopted  at  present,  in  which  the  equivalent  weight  of  hydrogen  is 
taken  as  unity+. 

Now  these  experiments  were  made  in  1777,  and  it  is  diflScuIt 
to  see  from  what  source,  other  than  determinations  of  his  own, 
he  could  have  derived  these  numbers.  Wenzels  Lehre  von  den 
Verwandschaften  was  published  in  1777.  I  have  not  been  able 
to  consult  the  work  itself,  but  from  the  account  of  it  given  in 
Kopp's  Oeschichte  der  Chemiej  the  equivalent  numbers  seem  to 
have  l^een  larger  than  those  used  by  Cavendish.  Richtei^s 
AnfangsgrUnde  der  Stochyometrie  was  not  published  till  1792. 

It  is  difficult  to  account  for  the  agreement  not  only  of  the 
ratios  but  of  the  absolute  numbers  given  by  Cavendish  with  those 
of  tlio  modem  system,  in  which  the  equivalent  weight  of  hydrogen 
is  taken  as  unity.     I  can  only  conjecture  from  several  parts  of  his 

*  Art.  />7tf.    Tlio  roBiHtance  of  a  man's  body,  from  one  hand  to  the  other,  vaiicf 
from  alNiut  KKM)  olimH  wlien  the  hands  are  well  wetted  with  salt  water,  to  about 
1S0(N)  whon  the  liands  are  dry.     When  the  outer  skm  is  removed  by  a  blister,  thl' 
roMlHtanoo  is  yery  much  diminished.    The  resistance  of  the  compound  oonduoton 
iwobably  a  ftmotion  of  an  ohm.    See  Note  81. 

i  Boo  Nolo  84. 
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pap«r  on  Fiictitiotis  Airs  (Phii.  Trans.  1766),  that  Cavendish  waa 
uciDilnmed  to  compare  the  quantity  of  fixed  air  from  different 
mrbonales  with  that  from  1000  grains  of  marble.  Now  the 
mmlera  equiiralent  weight  of  marble  is  100,  so  that  if  Cavendish 
twiic  100  pennyweighta  aa  the  equivalent  weight  of  marble,  the 
equivalente  of  other  substances  would  be  as  he  haa  given  them. 
This  I  think  is  more  likely  than  that  he  should  have  selected 
inflammable  air  as  his  standard  substance  at  a  time  when  even  his 
own  experiments  left  it  doubtful  whether  inflaimnable  air  was 
AJiTBys  of  the  same  kind. 

In  his  journal.  Cavendish  writes  down  these  equivalent  weights 
just  as  a  modem  chemist  might  do,  without  a  hiut  that  a  list  of 
tliese  numbers  was  not  at  that  time  one  of  the  things  which  every 
(todent  of  chemistry  ought  to  know  by  heart.  It  is  only  by  cora- 
jaring  the  date  of  these  researches  with  the  dates  of  the  principal 
discoveries  in  chemistry,  that  we  become  aware,  that  in  the  inci- 
dental mention  of  these  numbers  we  have  the  sole  record  of  ono 
of  tliose  secret  and  solitary  researches,  the  value  of  which  to 
other  men  of  science  Cavendish  does  not  seem  to  have  taken 
into  account,  after  he  had  satisfied  his  own  mind  as  to  the  facts. 

I  take  this  opportunity  uf  expressing  my  thanks  to  the  many 
ffieuds  who  have  given  me  assistance  in  preparing  this  edition, 
wid  in  particular  to  Mr  C.  Tomlinaon,  who  gave  me  valuable 
infomiation  about  the  manuscripts ;  to  Mrs  Sime,  who  lent  me 
t  miuiiiscript  book  of  letters,  &c.,  relating  to  Cavendish,  collected 
kj-  her  brother,  the  late  Dr  George  Wilson  ;  to  Mr  W.  Garnett,  of 
St  John's  College,  Cambridge,  who  copied  out  Arts.  236 — 294;  and 
KrW.  N,  Shaw,  of  Emmanuel  College,  who  took  the  photographs 
finn  which  the  facsimile  figures  were  executed ;  to  Mr  H.  B. 
Wheatley,  who  fnrnished  me  with  information  connected  with  the 
fcirtory  of  the  Royal  Society;  to  Prof.  Dewar,  Mr  P.  T.  Main, 
Kr  0,  F.  Kodwell,  and  Dr  E.  J.  Mills,  who  gave  mo  information 
chcttnical  subjects ;  and  Mr  Dew  Smith  and  Mr  F.  M.  Balfour, 
•f  Triuitj  College,  and  Prof.  Ernst  von  Fleischl,  of  Vienna,  who 
fne  me  information  about  electrical  fishes,  and  the  physiological 
iftet  of  electricity. 


p.  Sl  14dL  June,  1S79. 

Jost  brfore  sending  this  sheet  to  press  I  have  received 
from  Mr  Bobeft  H.  Scott,  FRS,,  a  small  packet  marked 
*  CaTEzidish  Pipias*''  which  had  been  sent  to  the  Meteorological 
Office  br  Sir  Edward  Sabine. 

These  papeis  relate  entirely  to  magnetism,  and  do  not  fall 
within  the  scc^  of  this  Tolmne,  though  they  may  supply 
important  materials  for  the  magnetic  history  of  the  earth,  and 
are  in  all  respects  excellent  specimens  of  Cavendish's  scientific 
procedure. 

I  shall  therefore  only  mention  a  few  particulars  in  which  these 
papers  throw  some  additional  light  on  Cavendish's  life  and 
wc«k. 

The  descriptions  of  Cavendish  by  Cuvier,  Toung,  Thomson 
and  Wilson  agree  in  representing  him  as  living  in  London,  and 
regularly  attending  the  meetings  of  the  Boyal  Society,  but  in 
other  respects  leading  an  isolated  life,  very  much  detached 
from  the  interests,  whether  social  or  scientific^  of  other  men. 

It  has  also  been  hinted  that  Lord  Charles  Cavendish,  who,  as 
we  have  already  seen,  was  himself  addicted  to  scientific  pursoits^ 
did  not  entirely  approve  of  his  son's  devotion  to  science,  or  at  leasts 
for  some  reason  or  other,  restricted  him  in  the  means  of  carrying  on 
his  work. 

Jn  these  manuscripts,  however,  we  have  the  details  of  a 
laborious  series  of  observations  undertaken  to  determine  the  errors 
of  the  variation  compass  and  the  dipping  needle  belonging  to 
the  Royal  Society,  and  on  Sept.  16, 1773,  we  find  "  Observationi 
of  needle  in  Garden  by  Father  and  Self,"  and  a  "  Comparison  d 
Society's  compass  in  house  and  in  society's]  garden  with  Faihei^s 

compass  in  room." 

It  appears,  therefore,  that  Lord  Charles  Cavendish  not  only 
placed  his  instruments  at  his  son's  disposal,  but  made  observations 
of  the  compass  in  concert  with  him,  and  that  these  observationi 
were  undertaken  in  order  to  make  the  instruments  belonging  to 
the  Koyal  Society  more  available  for  accurate  measurement* 
In  the  same  Journal  there  are  also  "  Measures  taken  for  setting 
Dr  Knight's  magnets  so  that  their  poles  shall  be  equidbtant  froiii 
variation]  comp[ass]  and  dipp[ing]  needQe]  in  1775."  The  resuW 
of  this  enquiry  are  briefly  stated  by  Cavendish  in  his  paper  on  thi 
Instruments  belonging  to  the  Royal  Society  in  the  «  Philosophidl 
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wtioiis"  for  1776.     In  tlie  same  Tolume  there  is  an  account 
I  Knight's  great  Magazines  of  magnets  by  Dr  Fothergill. 

Kaaiderable  portion  of  the  MS.  is  taken  up  with  "  Direo- 

l(br   using   the    Dipping  Needle^"  written   out  at  greater 

t  length  (probably  according  to  the  scientific  capacity  of  the 

pent}  "for  Captain  Pickersgill,"  "for  Captain  Bayley,"  "for 

ilrymple"  [Hydrographer  to  the  Honourable  East  India  Com- 

are  is  also  a  treatise  of  26  pages  "On  the  different  forms  of 
ttction  of  dipping  needles," 

lides  this,  there  is  a  series  of  observations  of  the  magnetic 
on  and  also  of  the  dip,  at  various  times,  from  1773  to 
1 1800  {Cavendish  died  Feb.  24. 1810). 

e  observations  were  made  for  the  most  part  only  in  the 
r  months,  but  during  that  time  were  carried  on  with  the 
:  regularity,   and   results   for  each   year   calculated    &om 

1  also  find  the  record  of  "Trials  of  Nairne's  needle  in 
nt  parts  of  England  in  August,  1778." 
iras  tried  "  in  Garden,  Aug.  8.  In  Garden  of  Observatory 
btd,  Aug.  14,  At  Birmingham,  in  Bowling-green,  Aug.  15. 
wcester,  in  Garden,  Aug.  17.  At  St  Ivos,  in  Ganlen,  Aug. 
Lt  Ely,  in  Garden,  Aug.  18.  At  London,  Aug.  19  and  22." 
these  trials  be  finds  that  "Lines  of  equal  dip  should  seem 
I  abont  44°  to  south  of  west,  and  dip  shoiUd  increase  about 
igoing  1°  to  N.W." 

is  a  long  and  valuable  aeries  of  experiments  on  the 
tic  properties  of  forged  iron,  blistered  steel,  and  cast  iron. 
!  bare  were  got  from  Elwel!  31 J  inch  long,  2'1  broad,  and 
■5  thick.  On  May  29,  1776,  one  of  each  was  made  mf^- 
,  the  marked  end  being  the  south  pole.  In  trying  the 
ment  the  bars  were  placed  perpendicularly  against  a  wall 
^ea  distant  from  the  center  of  the  needle,  !)1°J  to  west 
mj^netic  north,  either  the  top  or  bottom  of  the  bar 
ftlways  on  a  level  with  the  needle.  They  were  kept  con- 
r  with  the  marked  end  upwards  till  after  the  observations  of 
I,  after  which  they  were  kept  with  the  marked  end  down- 

Bsdish  determioes  in  every  case  the  "fixed  magnetism" 
"  moveable  magnetism  "  of  the  bar,  and  also  its  magnetism 
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when  "struck  100  times  on  an  anvil,  falling  1*6  inches  by  its 
weight,  and  tried  immediately  after." 

There  are  also  23  pages  of  experiments  on  the  effect  of  heat 
on  magnets,  and  a  mathematical  investigation  of  the  bending  of 
the  dipping-needle  by  its  own  weight  as  affecting  the  determination 
of  the  dip,  together  with  measurements  of  the  elasticity  of  steel 
and  of  glass. 
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lN    ATTEStPT  TO  EXPLAIN  SOME  OF  THE   PKINCIPAL 

pilenomena  of  electricity,  by  means  of  an 
HpELastic  fluid. 

1]  Since  I  first  WTote  the  foUowiDg  paper,  I  find  that  this  way 
if  accounting  for  the  phsenomena  of  electricity  is  not  new.  ^pinus, 
n  bis  Tentamcn  Theorim  Electridtatis  et  Magnetiami*,  has  made 
I9e  of  the  same,  or  nearly  the  same  hypothesis  that  I  have ;  and 
he  conclusions  he  draws  Trom  it  agree  nearly  with  mine,  as  far  as 
le  goes.  However,  as  I  have  carried  the  theory  much  farther  than 
le  has  done,  and  have  considered  the  subject  in  a  different,  and,  I 
latter  mj-selt  in  a  more  accurate  manner,  I  hope  the  Society  will 
lot  tliink  this  paper  unworthy  of  their  acceptance. 

2]  The  method  I  propose  to  follow  is,  first,  to  lay  down  the 
i^potlie&is ;  nest,  to  examine  by  strict  taathcmatical  reasoning,  or  at 
least,  as  strict  reasoning  as  the  nature  of  the  subject  will  admit  of, 
irfaat  consequences  will  flow  from  thence ;  and  lastly,  to  examine 
bow  far  these  consequences  agree  with  such  experiments  as  have 
pet  been  made  on  this  subject.  In  a  future  paper,  I  intend  to  give 
Ijbe  result  of  some  experiments  I  am  making,  with  intent  to  ex- 
BUBe  still  further  the  truth  of  this  hypothesis,  and  to  find  out  the 
pir  of  the  electric  attraction  and  repulsion. 

Hypothesis. 
8]  There  is  a  substance,  which  I  call  the  electric  fluid,  the 
iticles  of  which  repel  each  other  and  attract  the  particles  of 
other  matter  with  a  force  inversely  as  some  less  power  of  the 
iaace  than  the  cube :  the  particles  of  all  other  matter  also,  repel 
Kb  other,  and  attract  those  of  the  electric  fluid,  with  a  force 
•  [Patropdli,  175!).] 
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varying  according  to  the  same  power  of  the  distances.  Or,  to 
express  it  more  concisely,  if  you  look  upon  the  electric  fluid 
as  matter  of  a  contrary  kind  to  other  matter,  the  particles 
of  all  matter,  both  those  of  the  electric  fluid  and  of  other  matter, 
repel  particles  of  the  same  kind,  and  attract  those  of  a  contraiy 
kind,  with  a  force  inversely  as  some  less  power  of  the  distance  than 
the  cube. 

4]  For  the  future,  I  would  be  understood  never  to  compre- 
hend the  electric  fluid  under  the  word  matter,  but  only  some  other 
sort  of  matter. 

5]  It  is  indifferent  whether  you  suppose  all  sorts  of  matter 
to  be  indued  in  an  equal  degree  with  the  foregoing  attraction  and 
repulsion,  or  whether  you  suppose  some  sorts  to  be  indued  with  it;^ 
in  a  greater  degree  than  others ;  but  it  is  likely  that  the  electric 
fluid  is  indued  with  this  property  in  a  much  greater  degree  than 
other  matter ;  for  in  all  probability  the  weight  of  the  electric  fluid 
in  any  body  bears  but  a  very  small  proportion  to  the  weight  of 
the  matter ;  but  yet  the  force  with  which  the  electric  fluid  therein 
attracts  anj  pjirticle  of  matter  must  be  equal  to  the  force  with 
which  the  matter  therein  repels  that  particle ;  otherwise  the  body 
would  appear  electrical,  as  will  be  shewn  hereafter. 

To  explain  this  hypothesis  more  fully,  suppose  that  1  grain  of 
electric  fluid  attracts  a  particle  of  matter,  at  a  given  distance,  with 
as  much  force  as  n  grains  of  any  matter,  lead  for  instance,  repel  its 
then  will  1  grain  of  electric  fluid  repel  a  particle  of  electric  fluiA 
with  as  much  force  as  n  grains  of  lead  attract  it ;  and  1  grain  ol 
electric  fluid  will  repel  1  grain  of  electric  fluid  with  as  much  fores 
as  n  grains  of  lead  repel  ?i  grains  of  lead  *. 

G]  All  bodies  in  their  natural  state  with  regard  to  electricity'i 
contain  such  a  quantity  of  electric  fluid  interspersed  between  theii 
particles,  that  the  attraction  of  the  electric  fluid  in  any  small  parf 
of  the  body  on  a  given  particle  of  matter  shall  be  equal  to  tl* 
repulsion  of  the  matter  in  the  same  small  part  on  the  same  partida 
A  body  in  this  state  I  call  saturated  >vith  electric  fluid :  if  the  bodjj 
contains  more  than  this  quantity  of  electric  fluid,  I  call  it  over 
charged  :  if  less,  I  call  it  undercharged.  This  is  the  hypotheaift 
I  now  proceed  to  examine  the  consequences  which  will  flow  from  il 

•  [Note  1.] 
::■:.-:-:.  ^ 
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7]  Lemma  I.   Let  EAe  (Pig.  lyiepTeaeut  Fig.  i. 

a  cone  ooutinueil  infinitely ;  let  ^  to  the 
turlex,  and  Bb  mid  Dd  planes  parallel  to 
tli«  I»9e ;  and  let  tlie  cone  bo  filled  with 
iiuiTorm  matter,  whose  pfirtlcles  repel  each 

ulher  with  a  force  inversely  as  the  n  power  of  the  distance.     If  n 
ii  greater  than  3,  the  force  with  which  a  particle  at  A  is  repelled 

by  EUbo  or  idl  that  part  of  the  cone  beyond  Bb  is  as  -j  m-«  • 

For  supposing  AB  to  flow,  the  fluxion  of  EBbe  is  proportional 
l«  -  j15  X  ^  5",  and  the  fluxion  of  its  repulsion  on  A  is  projwr- 

ticaiaJ  to  ^"DM ;  the  fluent  of  which  is  .    _-q.-^».-« !  which  when 

it  infinite  is  equal  to  nothing ;  consequently  the  repulsion  of 


S]    Cor.     If  AB  ia  infinitely  small,    .  „,_,  is  infinitely  great ; 

tbotfore  the  repulsion  of  that  part  of  the  cone  between  A  and  Bb, 
HI  -1,  ia  infinitely  greater  than  the  repulsion  of  all  that  beyond  it. 

9]  TiFMMA  II.  By  the  same  method  of  reasoning  it  appears, 
liat  if  n  is  equal  to  3,  the  repulsion  of  the  matter  between  Bb  anil 

AD 
Al  on  a  particle  at  A,  is  proportional  to  the  logarithm  of  --t-^  ; 

wnsequontly,  the  repulsion  of  that  part  is  infinitely  small  in 
iBpect  of  that  between  A  and  Bb,  and  also  infinitely  small  iii 
aspect  of  that  beyond  Dd. 

10]  Lemma  III.  In  like  manner,  if  n  is  less  than  3,  the 
nyolsion  of  the  part  between  A  and  Bb  on  A  ia  proportional  to 
Aff~':  consequently  the  repulsion  of  the  matter  between  A  and 
I  j^oo  A,  is  infinitely  small  in  respect  of  that  beyond  it, 

II]  Coa.  It  is  easy  to  see  from  these  three  lemmata,  that,  if 
lie  electric  attraction  and  repulsion  had  been  supposed  to  bo 
ioTereely  aa  some  higher  power  of  the  distance  than  the  cube ;  a 
jwticle  could  not  have  been  sensibly  aflfect«d  by  the  repulsion  of 
iny  fluid,  except  what  was  placed  close  to  it.  If  the  repulsion  v 
isTersely  as  the  cube  of  the  distance,  a  particle  could  not   be 
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ieiLSibLj  \Sxr^i  bj  zlk  r^^cfzls^xi  c-f  uir  finite  quantity  of  fluids 
except  TT.a::  T:ks  cLo&c  w  h.  Be:;  ae  the  repoLdoo  is  supposed  to 
he  ^T-=r%Ij  as§  accijr  pi'v^r  ci  the  discaDce  kas  than  the  cube,  a 
f^riili  TZJLj  be  ser^^y  a&cccii  t^  the  zepaIsL*3Q  of  a  finite  quan- 
tify ct  f^iii  fi.u^i  ^  tnj  tuhe  'ifaaanjce  fnjm  it. 


12]  Def.  If  tbe  ekctzfc  nuid  in  any  body  is  by  any  means 
co&Sn^i  ii:  s^cL  rrx'.^,^r  iLac  h  ranr'X  move  froixi  one  part  of  the 
b>ly  t#>  tL-r  ovL-ir.  I  caZ  h  inmoveable :  if  it  is  able  to  move 
readilT  frjm  ^j^r:  mrt  to  2ll.  >'±<^.  I  call  it  m-^feable. 


13'  PBijP.  L  a  bi-ly  overcharged  with  electric  fluid  attracts 
or  rej^ls  a  particle  c-f  matter  c»r  fioi'l  and  is  attracted  or  repelled 
by  it,  with  exactly  the  same  iyroc  as  it  would,  if  the  matter  in  it, 
together  with  9j  much  of  the  fluid  as  is  sufficient  to  saturate  it, 
was  taken  awav,  or  as  if  the  bodv  consisted  onlv  of  the  redundant 
fluid  in  it.  In  like  manner  an  undercharged  body  attracts  or 
repels  with  the  same  force,  as  if  it  consisted  only  of  the  redundant 
matter ;  the  electric  fluid,  together  with  so  much  of  the  matter  as 
is  sufficient  to  saturate  it,  being  taken  away. 

This  is  evident  from  the  definition  of  saturatioiL 

14]  Pbop.  IL  Two  over  or  imderchargcd  bodies  attract  or 
repel  each  other  with  just  the  same  force  that  they  would,  if  each 
bo^ly  consisted  only  of  the  redundant  fluid  in  it,  if  overcharged,  or 
of  the  redimdant  matter  in  it,  if  imdercharged. 

For,  let  the  two  bodies  be  called  A  and  B ;  by  the  last  proposi- 
tion the  redundant  substance  in  B  impels  each  particle  of  fluid  and 
matter  in  -4,  and  consequently  impels  the  whole  body  A^  with 
the  same  force  that  the  whole  body  B  impels  it :  for  the  same 
reasr^n  the  redundant  substance  in  A  impels  the  redundant  sub- 
stance in  By  with  the  same  force  that  the  whole  body  A  impels 
it.  It  is  shown  therefore,  that  the  whole  body  B  impels  the 
whole  bfxly  A^  with  the  same  force  that  the  redundant  substance 
in  B  impels  the  whole  body  -4,  or  with  which  the  whole  body  A 
impels  the  redundant  substance  in  B\  and  that  the  whole  body  A 
impels  the  redundant  substance  in  B,  with  the  same  force  thait 
the  redundant  substance  in  A  impels  the  redundant  substance 
in  /?;  therefore  the  whole  body  B  impels  the  whole  body  A^ 
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force  witli  which  the  i-eJuatlant  substaucc  ia  A  impels 
redundotit  subsl^mce  in  B,  or  with  wliich  the  redundant  sub- 
in  B  impels  the  redundant  substance  in  A. 

5]  CoE.  Let  the  matter  in  all  the  rest  of  space,  except  in 
given  bodies,  be  saturated  with  immoveable  fluid ;  and  let  the 

u  those  two  bodies  be  also  immoveable.     Then,  if  one  of  the 

I  Li  saturated,  and  the  other  either  over  or  undercharged,  they 

ot  at  all  attract  or  repel  each  other. 

the  bodies  are  both  overcharged,  they  will  repel  each  other. 

they  are  both  undercharged,  they  will  also  repel  each  other, 
one  ia  overcharged  and  the  other  undercharged,  they  will 

t  each  other. 

'.R  In  this  corollary,  when  I  call  a  body  overcharged,  I  woulci 
icrstood  to  mean,  that  it  is  overcharged  in  all  parts,  or  at 

nowhere  undercharged  :  iu  like  manner,  when  I  call  it  undcr- 
il,  I  mean  that  it  ia  undercharged  iu  all  parts,  or  at  luast 
re  overcharged. 

6]  Prop.  III.  If  all  the  bodies  in  the  universe  are  saturated 
electric  fluid,  it  is  plain  that  no  part  of  the  fluid  can  have 
tendency  to  move. 

7]     Pbop-  rV".     If  the  quantity  of  electric  fluid  in  the  universe 

Jy  sufficient  to  saturate  the  matter  therein,  hut  unequally 

[,  so  tbat  some  bodies  are  overcharged  and  others  under- 

;  then,  if  the  electric  fluid  is  not  confined,  it  will  jmrae- 

nove  till  all  the  bodies  in  the  imiverse  are  saturated. 

supposing  that  any  body  ia  overchai^ed,  and  the  bodies 

it  ar«  Dot,  a  particle  at  the  surface  of  that  body  will  be  re- 

1  &om  it  by  the  redundant  fluid  within ;  consequently  some 

will  run  out  of  that  body;  but  if  the  body  is  undercharged, 

tide  at  ita  surface  will  be  attracted  towards  the  body  by  the 

\  matter  within,  so  that  some  fluid  will  run  into  the  body. 

B.  Ia  Prob.  IV.  Case  3,  there  will  be  shewn  an  exception 
)  proposition ;  there  may  perhaps  be  some  other  exceptions 
but  I  think  there  can  be  no  doubt,  but  what  this  projjosition 
bold  good  in  general. 
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Fig.  2. 


18]  Lemma  IV.  Let  BDE,  bde,  and  fiSe  (Fig.  2)  be  concen- 
tric spherical  surfaces,  whose  center  is  (7:  if 
the  space*  Bb  is  filled  with  uniform  matter, 
whose  particles  repel  with  a  force  inversely  as 
the  square  of  the  distance,  a  particle  placed 
anywhere  within  the  space  C6,  as  at  P,  will 
be  repelled  with  as  much  force  in  one  direc- 
tion as  another,  or  it  will  not  be  impelled 
in  any  direction.  This  is  demonstrated  in 
Newton,  Princip,  Lib.  I.  Prop.  70.  It  fol- 
lows also  from  his  demonstration,  that  if  the 
repulsion  is  inversely  as  some  higher  power  of  the  distance  than 
the  square,  the  particle  P  will  be  impelled  towards  the  center; 
and  if  the  repulsion  is  inversely  as  some  lower  power  than  the 
square,  it  will  be  impelled  fron^  the  center. 

19]  Lemma  V.  If  the  repulsion  is  inversely  a&the  square  of 
the  distance,  a  particle  placed  anywhere  without  the  sphere  BDE, 
is  repelled  by  that  sphere,  and  also  by  the  space  Bb,  with  the 
same  force  that  it  would  if  all  the  matter  therein  was  collected 
in  the  center  of  the  sphere ;  provided  the  density  of  the  matter 
therein  is  everywhere  the  same  at  the  same  distance  from  the 
center.  This  is  easily  deduced  from  Prop.  71,  of  the  same  book, 
and  has  been  demonstrated  by  other  authors. 

20]  Prop.  V.  Problem  1.  Let  the  sphere  BDE  be  filled 
with  uniform  solid  matter,  overcharged  with  electric  fluid  :  let  the 
fluid  therein  be  moveable,  but  unable  to  escape  from  it :  let  the 
fluid  in  the  rest  of  infinite  space  be  moveable,  and  sufficient  to 
saturate  the  matter  therein ;  and  let  the  matter  in  the  whole  of 
infinite  space,  or  at  least  in  the  sj^ace  Bp,  whose  dimensions  will 
be  given  below,  be  uniform  and  solid ;  and  let  the  law  of  the  elec- 
tric attraction  and  repulsion  be  inversely  as  the  square  of  the  dis- 
tance :  it  is  required  to  determine  in  what  manner  the  fluid  will  be 
disposed  both  within  and  without  the  globe. 

Take  the  space  Bb  sucli,  that  the  interstices  between  the  par- 
ticles of  matter  therein  shall  be  just  sufficient  to  hold  a  quantity 
of  electric  fluid,  whose  particles  are  pressed  close  together,  so  as  to 

*  By  the  space  Bh  ox  Bp,  I  mean  the  space  comprehended  between  the  spihsriflai 
surfaces  BDE  and  hde,  or  between  BDE  and  p^ :  bj  the  space  Ch  or  C/S,  I  metn 
the  spheres  bde  or  p^t. 
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toilet  e&ch  other,  equal  to  the  whole  redundant  fluid  in  the  globe, 
hi^id^  tbti  quantity  requisita  to  saturate  the  matter  iu  Bb ;  and 
tnke  the  space  Bff  such,  that  the  matter  therein  shall  be  just  able 
ta  satumte  the  redundant  Quid  in  the  globe  :  then,  in  all  parts  of 
tie  space  Bb,  the  fluid  will  be  pressed  close  together,  so  that  its 
particles  shall  touch  each  other;  the  space  B0  will  be  inttrely 
iJi^privod  of  fluid ;  and  in  the  space  Ch,  and  all  the  rest  of  infinite 
sj/KC,  the  matter  will  be  exnctlj  saturated. 

For,  if  the  fluid  is  disposed  in  the  above-mentioned  manner, 
a  particle  of  fluid  placed  anywhere  within  the  space  Cb  will  not  be 
impelled  iu  any  direction  by  the  fluid  in  Bb,  or  the  matter  in  B0. 
ud  will  therefore  have  no  tendency  to  move :  a  particle  placed 
Bnywliere  without  the  sphere  ^Be  will  be  attracted  with  just  as 
miicii  force  by  the  matter  in  fij3,  as  it  is  repelled  by  the  redundant 
BiiitI  iu  Bb,  and  will  therefore  have  no  tendency  to  move  :  a  par- 
ticle placed  anywhere  within  the  space  Bb,  will  indeed  be  repelled 
tdvsrds  the  surface,  by  all  the  redundant  fluid  in  that  space  which 
ii  placed  neaxer  the  center  than  itself;  but  as  the  fluid  iu  that 
Sfnix  is  already  pressed  as  close  together  as  poaaible,  it  will  not 
i*Ye  any  tendency  to  move ;  and  in  the  space  B^  there  is  no  fluid 
to  move,  so  that  no  part  of  the  fluid  can  have  any  tendency  to 
mote. 

Horeover,  it  seems  impossible  for  the  fluid  to  be  at  rest,  if  it  is 
ilu^wsed  in  any  other  form ;  for  if  the  density  of  the  fluid  is  not 
wwywhere  the  same  at  the  same  distance  from  the  center,  but  is 
peater  near  6  than  near  d,  a  particle  placed  anywhere  between 
lluae  two  points  will  move  from  b  towards  d;  but  if  the  density  is 
oeiywhere  the  same  at  the  same  distance  from  the  center,  and  the 
IiueI  in  Bb  is  not  pressed  close  together,  the  spaice  Cb  will  be  uver- 
durgt^i,  and  consequently  a  particle  at  b  will  be  repelled  from  the 
WBlti,  and  cannot  be  at  rest :  in  like  raanneT,  if  there  is  any  fluid 
k  S0,  it  cannot  be  at  rest :  and,  by  the  same  kind  of  reasoning,  it 
Bdgbt  be  shewn,  that,  if  the  fluid  is  not  sprea<.l  uniformly  within 
-Ibe  space  Ch,  and  without  the  sphere  >3Se,  it  cannot  be  at  rest. 

■Cor.  I.     If  the  globe  BDE  is  undercharged,  everything 

ig  the  same  as  before,  there  will  bo  a  space  Bb,  in  which 

Iter   will  be  intirely  deprived  of  fluid,  and  a  space   B^, 

lid  will  be  pressed  close  together;  the  matter  in  Bb 

the  whole  redundant  matter  iu  i 
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redundant  fluid  in  BP,  being  just  sufficient  to  saturate  the  mat- 
ter in  Bh :  and  in  all  the  rest  of  space  the  matter  will  be  exactly 
saturated.     The  demonstration  is  exactly  similar  to  the  forcing. 

22]  Cor.  II.  The  fluid  in  the  globe  BDE  will  be  disposed  in 
exactly  the  same  manner,  whether  the  fluid  without  is  immoveable, 
and  disposed  in  such  manner,  that  the  matter  shall  be  everywhere 
saturated,  or  whether  it  is  disposed  as  above  described ;  and  the 
fluid  without  the  globe  will  be  disposed  in  just  the  same  maimer, 
whether  the  fluid  within  is  disposed  uniformly,  or  whether  it  is 
disposed  as  above  described. 

23]  Prop.  VL  Problem  2.  To  determine  in  what  maimer 
the  fluid  will  be  disposed  in  the  globe  BDE,  supposing  eveiything 
as  in  the  last  problem,  except  that  the  fluid  on  the  outside  of  the 
globe  is  immoveable,  and  disposed  in  such  manner  as  eveiywhere 
to  saturate  the  matter,  and  that  the  electric  attraction  and  repul- 
sion  is  inversely  as  some  other  power  of  the  distance  than  the  square. 

I  am  not  able  to  answer  this  problem  accurately ;  but  I  think 
we  may  be  certain  of  the  following  circumstances. 

24]  Case  1.  Let  the  repulsion  be  inversely  as  some  power 
of  the  distance  between  the  square  and  the  cube,  and  let  the  globe 
be  overcharged. 

It  is  certain  that  the  density  of  the  fluid  will  be  everywhere 
the  same,  at  the  same  distance  from  the  center.  Therefore,  first, 
There  can  be  no  space  as  (76,  within  which  the  matter  will  be 
everywhere  saturated ;  for  a  particle  at  h  is  impelled  towards  the 
center,  by  the  redundant  fluid  in  Bb,  and  will  therefore  move 
towards  the  center,  unless  Cb  is  sufficiently  overcharged  to  pre- 
vent it.  Secondly,  The  fluid  close  to  the  surface  of  the  sphere 
will  be  pressed  close  together ;  for  otherwise  a  particle  so  near  to 
it,  that  the  quantity  of  fluid  between  it  and  the  surface  should  be 
very  small,  would  move  towards  it ;  as  the  repulsion  of  the  small 
quantity  of  fluid  between  it  and  the  surface  would  be  unable  to 
balance  the  repulsion  of  the  fluid  on  the  other  side.  Whence,  I 
think,  we  may  conclude,  tliat  the  density  of  the  fluid  will  increase 
gradually  from  the  center  to  the  surface,  where  the  particles  will 
be  pressed  close  together:  whether  the  matter  exactly  at  the 
center  will  be  overcharged,  or  only  saturated,  I  cannot  teU, 
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^^  So]     Cor.     For  the  same  reaaon,  if  the  globe  be  undercharge*!, 
B^ink  we  may  conclude,  that  the  ileusity  of  the  fluid  will  di- 
^ftlniah  gnultially  from  the  center  to  the  surface,  where  the  matter 
will  be  intirely  deprived  of  iluid. 

2G]  Case  2.  Let  the  repulsion  be  inveraely  as  some  power 
of  the  distance  less  tlian  the  square ;  and  let  the  globe  be  over- 
cliaxged. 

There  vrill  be  s  space  £b,  iu  which  the  particles  of  the  fluid 

I    »ill  be  everywhere  pressed  close  together;  aud  the  quautity  of 

I    ralundaiit  fluid  in  that  space  will  be  greater  than  the  quantity  of 

H'luodant  fluid  in  the  whole  globe  BDE;  so  that  the  apace  Ch, 

tiien  all  together,  will  be  undercharged  ;  but  I  cannot  tell  in  what 

maimer  tlie  fluid  will  be  disposed  in  that  space. 

For  it  is  certain,  that  tlje  density  of  the  fluid  will  be  every- 
wher?  the  same,  at  the  same  distance  from  the  center.  Therefore, 
let  6  be  auy  point  where  the  fluid  is  not  pressed  close  together, 
then  will  a  particle  at  6  be  impelled  towards  the  surface,  by  the 
rwlundant  fluid  in  the  space  Bb;  therefore,  unless  the  space  Ch 
a  unJereharged,  the  particle  will  move  towards  the  surface. 

S7]  Cob.  For  the  same  reason,  if  the  globe  is  undercharged, 
3  will  be  a  space  Bb,  in  which  the  matter  will  be  intirely  de- 
d  of  fluid,  the  quantity  of  matter  therein  being  more  than  the 
(!  redundant  matter  in  the  globe ;  and,  consequently,  the  space 
Ktoken  all  together,  will  be  overcharged*. 

I]  Lemma  VI.  Let  the  whole  space  comprehended  between 
parallel  pianos,  infinitely  extended  each  way,  be  filled  with 
\tm  matter,  the  repulsion  of  whose  particles  is  inversely  as  the 
>{uiLre  of  the  distance ;  the  plate  of  matter  formed  thereby  will 
repel  a  particle  of  matter  with  exactly  the  same  force,  at  whatever 
JiMiioe  from  it  it  be  placed, 

For  Buppose  that  there  are  two  such  plates,  of  equal  thickness, 
'  phnd  parallel  to  each  otlier,  let  A  {Fig.  3)  pig.  3. 

be  anr  point  not  placed  in  or  between  the      }, 
Wfl  plates  :  let  BCD  represent  any  part      [\J"~    ^5~~^~~— , 

of  thu  nwtresl  plate  :  draw  the  linos  AB,      //____iu!— — ^^^-^ 

AC.  and  AD,  cutting  the  furthest  plate  in     « 
•  pJote  a.] 
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6,  c,  and  d;  for  it  is  plain  that  if  they  cut  one  plate,  they  must, 
if  produced,  cut  the  other :  the  triangle  BCD  is  to  the  triangle  bed, 
as  AB*  to  Ab*;  therefore  a  particle  of  matter  at  A  will  be  repelled 
with  the  same  force  by  the  matter  in  the  triangle  BCD,  as  by  thai 
in  bed.  Whence  it  appears,  that  a  particle  at  A  will  be  repelled  with 
as  much  force  by  the  nearest  plate,  as  by  the  more  distant ;  and 
consequently,  will  be  impelled  with  the  same  force  by  either  plate, 
at  whatever  distance  from  it  it  be  placed* 

29]  Cor.  If  the  repulsion  of  the  particles  is  inversely  as  some 
higher  power  of  the  distance  than  the  square,  the  plate  will  repel 
a  particle  with  more  force,  if  its  distance  be  small  than  if  it  be 
great ;  and  if  the  repulsion  is  inversely  as  some  lower  power  than 
the  square,  it  will  repel  a  particle  with  less  force,  if  its  distance  be 
small  than  if  it  be  great. 

30]    Prop.  VII.    Prob.  3.    In  Fig.  4,  let  the  parallel  lines 
Aa,  Bb,  &c.  represent  parallel  plasnes 
infinitely  extended  each  way  :  let  the 

spaces*  AD  and  EH  be  filled  with     "^ T 

uniform  solid  matter :  let  the  electric     c  -  ? -^ 

fluid  in  each  of  those  spaces  be  move- 
able and  unable  to  escape  :  and  let  all  '  ^ 

the  rest  of  the  matter  in  the  universe      - ij 

be  saturated  with  immoveable  fluid ;     *"  Z         ^ 

and  let  the  electric  attraction  and  re-     jj  —HI -^ 

pulsion  be  inversely  as  the  square  of 

the  distance.  It  is  required  to  determine  in  what  manner  the 
fluid  will  be  disposed  in  the  spaces  AD  and  EH,  according  as 
one  or  both  of  them  are  over  or  undercharged. 

Let  AD  be  that  space  which  contains  the  greatest  quantity  ©f 
redundant  fluid,  if  both  spaces  are  overcharged,  or  which  contuse 
the  least  redundant  matter,  if  both  are  undercharged ;  or,  if  qb0 
is  overcharged,  and  the  other  undercharged,  let  ^Z7  be  tto 
overcharged  one.  Then,  first.  There  will  be  two  spaces,  AB  aaft 
GH,  which  will  cither  be  intirely  deprived  of  fluid,  or  iiE 
which  the  particles  will  be  pressed  close  together;  namely,  r£ 
the  whole  quantity  of  fluid  in  AD  and  EH  together,  is  less  tb*^ 

*  Bj  the  space  AD  or  AB,  &e,  1  mean  the  space  comprehended  between  th» 
planes  Aa  and  Dd^  or  between  Aa  and  Bb. 

I 
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lent  to  saturato  the  matter  therein,  they  will  be  intirely  de- 
if  Baid ;  the  quantity  of  redundant  matter  in  each  being 

the  whole  redundant  matter  in  AJ)  and  £fl^  together:  but  if 

fluid  in  AD  and  £H  together  ia  more  than  sufficient  to  satu- 
the  matter,  the  fluid  in  AB  and  Gil  will  he  pressed  close 
the  quantity  of  redundant  fluid  in  each  being  half  the 
whole  reduudaut  fluid  in  both  spacea.  Secondly,  In  the  space  CD 
the  fluid  will  be  pressed  close  together ;  the  quaoitity  of  fluid 
therein  being  such,  as  to  leave  just  enough  fluid  in  BC  to  satu- 
iHe  the  matter  therein.  Thirdly.  The  space  EF  will  be  intirely 
deprived  of  fluid ;  the  quantity  of  matter  therein  being  such  that 
the  fluid  in  FG  shall  be  just  sufficient  to  saturate  the  matter 
therein :  consequently,  the  redundant  fluid  in  CD  will  be  just 
sufficient  to  saturate  the  redundant  matter  in  EF;  for  as  AB  and 
OH  ttigether  contain  the  whole  redundant  fluid  or  matter  in  both 
spaces,  the  spaces  BD  and  EG  together  contain  their  natural 
iiuaniity  of  fluid ;  and  therefore,  as  BC  and  FG  each  contain  their 
nit'iral  quantity  of  fluid,  the  spaces  CD  and  JS'jp' together  contain 
iheir  natural  quantity  of  fluid.  And  fourthly,  The  spaces  SC  and 
fO  will  be  saturated  in  all  parts. 

For,  flrst.  If  the  fluid  is  disposed  in  this  manner,  no  particle 
tJ  it  caa  have  any  tendency  to  move ;  for  a  particle  placed  any- 
ibere  in  the  spaces  DC  and  FG,  is  attracted  with  just  as  much 
fcrce  by  EF,  as  it  is  repelled  by  CD ;  and  it  is  repelled  or  attracted 
*itli  just  as  much  force  by  AB,  as  it  is  in  a  contrary  direction 
by  Gff,  and.  consequently,  has  no  tendency  to  move.  A  particle 
pUceJ  anjrwhere  in  the  space  CD,  or  in  the  spaces  AB  and  Gil, 
iftliey  arc  overchai^d,  is  indeed  repelled  with  more  force  towarda 
ihe  phuies  Dd,  Aa  and  Bh,  than  it  is  in  the  contrary  direction ; 
mt  as  the  fluid  in  those  spaces  is  already  as  much  compressed 
ii  {lOEMible,  the  particle  will  have  no  tendency  to  move. 

Secondly,  It  seems  impossible  that  the  fluid  should  bo  at  rest, 
if  it  is  disposed  in  any  other  manner  :  but  as  thl-i  part  of  the 
demonstration  is  exactly  similar  to  the  latter  part  of  that  of 
Frublera  the  first,  I  aliall  omit  it. 

Si]  Cor.  I.  If  the  two  spaces  AD  and  EH  are  both  over- 
i^iarged,  the  redundant  fluid  in  CD  ia  half  the  difference  of  the 
mlimdaut  fluid  in  those  spaces :   for  half  the   difference  of  the 
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redundant  fluid  in  those  spaces,  added  to  the  quantity  in  AB, 
which  is  half  the  sum,  is  equal  to  the  whole  quantity  in  AD. 
For  a  like  reason,  if  AD  and  EH  are  both  undercharged,  the  re- 
dundant matter  in  EF  is  half  the  difference  of  the  redundant 
matter  in  those  spaces ;  and  if  AD  is  overcharged,  and  EH  under- 
charged, the  redundant  fluid  in  CD  exceeds  half  the  redundant  fluid 
in  AD,  by  a  quantity  sufficient  to  saturate  half  the  redundant 
matter  in  EH, 

32]  Cor.  II.  It  was  before  said,  that  the  fluid  in  the  spaces 
AB  and  OH  (when  there  is  any  fluid  in  them)  is  repelled  against 
the  planes  Aa  and  Hh ;  and,  consequently,  would  run  out  through 
those  planes,  if  there  was  any  opening  for  it  to  do  so.  The  force 
with  which  the  fluid  presses  against  the  planes  A  a  and  Hh,  is  that 
with  which  the  redundant  fluid  in  AB  is  repelled  by  that  in  OH; 
that  is,  with  which  half  the  redundant  fluid  in  both  spaces  is 
repelled  by  an  equal  quantity  of  fluid.  Therefore,  the  pressure 
against  Aa  and  Hh  depends  only  on  the  quantity  of  redundant 
fluid  in  both  spaces  together,  and  not  at  all  on  the  thickness  or 
distance  of  those  spaces,  or  on  the  proportion  in  which  the  fluid 
is  divided  between  the  two  spaces.  If  there  is  no  fluid  in  AB 
and  OH,  a  particle  placed  on  the  outside  of  the  spaces  AD 
and  EHy  contiguous  to  the  planes  Aa  or  Hh,  is  attracted  towards 
those  planes  by  all  the  matter  in  AB  and  OH,  id  est,  by  all  the 
redundant  matter  in  both  spaces;  and,  consequently,  endeavours 
to  insinuate  itself  into  the  space  AD  or  EH;  and  the  force  with 
which  it  does  so  depends  only  on  the  quantity  of  redundant 
matter  in  both  spaces  together.  The  fluid  in  CD  also  presses 
against  the  plane  Dd,  and  the  force  with  which  it  does  so  is  that 
with  which  the  redundant  fluid  in  CD  is  attracted  by  the  matter 
in^^. 

33]  Cor.  III.  If  AD  is  overcharged,  and  EH  undercharged: 
and  the  redundant  fluid  in  AD  is  exactly  sufficient  to  saturate  the 
redundant  matter  in  EH,  all  the  redundant  fluid  in  AD  wiU  be 
collected  in  the  space  CD,  where  it  will  be  pressed  close  together : 
the  space  EF  will  be  intircly  deprived  of  fluid,  the  quantity  of 
matter  therein  being  just  sufficient  to  saturate  the  redundant  fluid 
in  CD,  and  the  spaces  A  C  and  FH  will  be  everywhere  saturated. 
Moreover,  if  an  opening  is  made  in  the  planes  Aa  or  IHi,  the  fluid 
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I  the  spaces  AD  or  EH  will  have  no  tendency  to  run  out 
;,  nor  wUl  the  fluid  on  the  oiititido  have  any  tendency  ta  nm 
I  at  it :  a  particle  «>f  fluid  too  placed  auywhero  on  the  outside 
of  both  spaces,  as  at  P,  will  not  bo  at  all  attracted  or  repelled 
by  those  spaces,  any  more  than  if  they  were  both  saturateil :  but 
a  particle  placed  anywhere  between  those  spaces,  as  at  S,  will  he 
repelled  from  d  towards  e;  and  if  a  communication  was  made 
between  the  two  spaces,  l^  the  canal  de,  the  fluid  would  run  out 
«iAD  into  JSH,  till  they  were  both  saturated. 

34]     Prop.  VIII.    Phob.  4.     To  determine  in  what  manner 

I    the  fluid  will  be  disposed  in  the  space  AD,  supposing  that  all  the 

rest  of  the  universe  is  saturated  with  immoveable  fluid,  and  that 

the  electric   attraction  and   repulsion  is  inversely  as  some  other 

power  of  the  distance  than  the  square, 

I  am  not  able  to  answer  this  Problem  accurately,  except  when 
I  liie  repulsion  is  inversely  aa  the  simple  or  some  lower  power  of  the 
;  but  I  think  we  may  bo  certain  of  the  following  circum- 

Case  1.     Let  the  repulsion  be  inversely  as  some  power 
!  between  the  square  and  the  cube,  and  let  AD  be 

,  It  is  certain  that  the  density  of  the  fluid  must  be  cvery- 

B  the  same,  at  the  same  distance  from  the  planes  Aa  and  Dd. 

Bndly,  There  can  be  no  space  as  SC,  of  any  sensible  breadth, 

phich  the  matter  will  not  be  overcharged.     And  thirdly,  The 

B  cJoao  to  the  planes  Aa  and  Dd  will  be  pressed  close  together. 

bucc,  I  think,  we  may  conclude,  that  the  density  of  the  fluid 

i  gradually  from  the  middle  of  the  space  to  the  out- 

!,  where  it  will  be  pressed  close  together,     Whether  the  matter 

■  in  the  middle  will  be  overcharged,  or   only  saturated,  I 

t  tell. 

Case  2.  Let  the  repulsion  be  inversely  as  some  power 
Itbe  distance  between  the  square  and  the  simple  power,  and 
\AD  be  overcharged. 

r  There  will  be  two  spaces  AB  and  DC.  in  which  the  fluid  will 
I  I>n39e<l  close  together,  and  the  quantity  of  redunilant  fluid  in 
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-u.-  r  -^,  ;^ji  f»:«u.''f=  "tlI  ce  zLt:r^  rr^r  f-alt*  the  redundant  flui 
-^  -i—  ^.  "-lar  lie  ^jHc^  EC-  'AkriL  all  tc-^ther,  will  be  undei 
::iiir;^:  :ii-  Z  tlt^*  r  :.^  la  ▼bu  inaajier  the  fluid  will  be  dis 
7«  ?^i  Ji  ".liir  ?riu:*5.     r!it  iTCii:i:5md«:'Ci5  of  these  two  cases  ar 
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I:'  '-L':  rrpjilii-.d  :.?  inv^rselv  as  the  simple  o: 
^  ri'f  '_  T-rr  7«  T-fr  r  -Jir^  L^rdZ-tzt.  iz.«:  JZ>  is  overcharge*!,  all  th< 
i'lii  T"ZI  *:tf  :•  l-rri  -n  'ii'^  fpadC^rS  AB  and  CD.  and  ^Cwillbt 
•ji-.rT-7  'j'-irrr-'i  :z  fii-L  I:  AD  'xxL'johis  just  fluid  enough  \c 
iurir-iri  r.  iz-ii  -Ji-r  TT-nl^irc  is  iz.T.=rselv  as  the  distance,  the  fluid 
'^IL  TiziAir^  -JL  r-:iiL:':rj  .  —  Tiii:.fTrr  nianner  it  is  disposed;  pro- 
v-ji-f-i  .T^  :'=c;fi— r  ji  T-r^rnr'-'frf  'i'f  sazi-r  a:  the  same  distance  from 
:!•£  rLtz-f*  Ai  iZfL  I'i  'z-s.  -'  :L-r  rrt> elision  is  inversely  as  some 
*f>5?  7«-¥-fr  :1az.  -.1:  finrL^f  :c-f.  "L-r  n-iii  will  be  in  equilibrio, 
▼■:.'-::.i-:r  ::  j?  -Jiilfr  ^^reuii  -"••' tthIj.  :r  wL-rther  ic  is  all  collected 
:r.  rl.i:  vLiz.;  -^^iii'.ii  i*  iz.  "i^f  r:_i:.:lrr  c^rwwn  Ja  and  2W,  or 
^'..-Iv-T  '.T  :<  ill   :•  -leirrri  ii.  -.i-r  5r<i^>:5  Jfi  and   CZ);  but  not, 

T..;  "..-.v.  -..^tt-it:.::  i-vKzis  ".rrz.  -.Lis  circumstance;  namely, 
:::a:  i:  :1.:  r:r*:l?:  z.  :>  i:LT-r«<>  as  :he  dirtance.  two  spaces  ilS 
:*w.:  or*,  r^;-.^'.  ;*  ^ixr.y.'.i  yLvr-i-i  --itL-fr  t^rtw^-en  them,  or  on  the 
'i::s::c  .:  :":.::/.  ^::!:.  :"..-:  >i-:i::.t  :  ret  as  if  all  the  matter  of  those 
s|\wxs  ^Ms  V-. ".i:\:<vi  :::  t*..:  :„:i:l-:  i'.iz.v  c^et'Xcx'n  thorn. 

I:  :>  :--:x.^:*;s5  :v.::.::  v.::-^  :'.-:  ::.>:-:  •Xv?*:?  in  which  ^Z)  is  un- 
it tToharz-:-:.  .'»>  :*-.■  r:;v!:7  ■.■»:*".  rAsi'.y  s'lpply  tho  place. 

.^> ]  T:.  ■ '. ^ i .  : ': . :  : . v. r  : . r: c:  : :.^  pr:K': :iis  ^ i  '^  not  immediately 
ton!  t.^  oxKaiii  tLo  i  ":..v :.■-.-: :.a  ■  :  tlrCtri-.-itv.  I  chose  to  insert 
tht.rii:  mrriv  Kr\r:<^-  :;.vv  jk-::r.  w.r.h  cr.irazin?  our  attention 
iri  th'.iiisch\:> :  aiii  iv*--^'  Kcau>o  tl.vv  s<:no.  in  some  measure, 
t«»  •  'inrimi  tho  tm:ii  ot  s.-ino  •  f  ::;v  i.ll  winor  pn^pcisitions,  in  which 
I  am  obliged  to  make  us^-  of  a  iO>ci  acvi;ra:o  kind  of  reasoning. 

Wy\  In  tht?  fMllowing  prop.'siti.'kns.  I  shall  always  suppose  the 
Wlir^.H  I  <:j>eak  of  to  consist  of  s*»lid  matter,  confineii  to  the  same 
«r»'#t,  HO  OH  not  to  bo  able  to  alter  its  shajx^  or  situation  by  the 
;it.t.r;uf.ion  or  repulsion  of  other  billies  on  it :  I  shall  also  suppose 
»b*!  olort.ric  fliiirl  jn  these  boilies  to  be  moveable,  but  unable  t( 
«w;xiji#:,  iinloHK  whf;n  otherwise  cxpros»o<i.     As  for  the  matter  ii 
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jie  rest  of  the  universe,  I  shall  suppose  it  to  be  saturated  witli 
loveable  fluid.     I  shall  alao  suppose  the  electric  attraction  and 
mlsioii  to  be  inversely  as  any  power  of  the  distance  less  than  the 
cube,  escept  when  otherwise  expressed. 

40]  By  a  canal,  I  mean  a  slender  thread  of  matter,  of  such 
kind  that  the  electric  fluid  shall  be  able  to  move  readily  along 
il,  bill  shall  not  be  able  to  escape  from  it,  except  at  the  ends, 
trhere  it  communicates  with  other  hodiei  Thus,  wben  I  say  that 
two  bodies  communicate  with  each  other  by  a  canal,  I  mean  that 
tbe  fluid  shall  be  able  to  pass  readily  from  one  body  tu  the  other 
by  xbat  canal  *. 

41]  Prop.  IX.  1/  any  body  at  a  distjince  from  aqy  over  or 
imtlercharged  body  be  overcharged,  tlie  fluid  within  jt  will  be 
lodged  in  greater  quantity  near  the  surface  of  the  body  than  near 
the  center.  For,  if  you  suppose  it  to  be  spread  uniformly  all  over 
tile  bxiy,  a  particle  of  fluid  in  it,  near  the  surface,  will  be  reptilled 
wwnidfl  the  stirface  by  a  greater  quantity  of  fluid  than  that  by 
whii^h  it  13  repelled  from  it;  consequently,  the  fluid  will  flow 
the  surface,  and  make  it  denser  there :  moreover,  the 
of  fluiil  close  to  the  surface  will  he  pressed  close  together ; 
otlierwise,  a  particle  placed  so  near  it,  that  the  quantity  of 
lant  fluid  between  it  and  the  surface  should  be  very  small, 
move  towards  it ;  as  the  small  quantity  of  redundant  fluid 
m  it  and  the  surface  would  be  unable  to  balance  the  re- 
i  of  that  on  the  other  side. 

)m  the  four  foregoing  problems  it  seems  likely,  that  if  the 

ic  attraction  or  repulsion  is  inversely  as  the  square  of  the 

aJtnoBt  all  the  redundant  fluid  in  the  body  will  be  lodged 

to  the  sur&ice,  and  there  pressed  close  together,  and  the  rest 

body  will  be  saturated.     If  the  repulsion  is  inversely  as  some 

of  the  distance  between  the  square  and  the  cube,  it  is  likely 

ai[  parts  of  the  body  will  be  overcharged  ;  and  if  it  is  in- 

ily  as  some  less  power  than  the  square,  it  is  likely  that  all 

the  body,  except  those  near  the  surface,  will  be  under- 

CoR.    For  the  same  reason,  if  the  body  is  undercharged. 
I  deficiency  of  fluid  will  be  greater  near  the  surface  than  near 


18 


FIBST  PAPEB. 


[48 


the  center,  and  the  matter  near  the  surface  will  be  entirely  de- 
prived of  fluid.  It  is  likely  too,  if  the  repulsion  is  inversely  as 
some  higher  power  of  the  distance  than  the  square,  that  all  parts 
of  the  body  will  be  undercharged :  if  it  is  inversely  as  the  square, 
that  all  parts,  except  near  the  surface,  will  be  saturated  :  and  if 
it  is  inversely  as  some  less  power  than  the  square,  that  all  parts, 
except  near  the  surface,  will  be  overcharged. 

43]     Prop.  X.    Let  the  bodies  A  and  D  (Fig.  5)  communicate 

Fig.  6. 


B 

u 


Fig.  6. 


with  each  other  by  the  canal  EF\  and  let  one  of  them,  as  /),be 
overcharged ;  the  other  body  A  will  be  so  also. 

For  as  the  fluid  in  the  canal  is  repelled  by  the  redundant  fluid 
in  D,  it  id  plain,  that  unless  A  was  overcharged,  so  as  to  balance 
that  repulsion,  the  fluid  would  run  out  of  D  into  A, 

In  like  manner,  if  one  is  undercharged,  the  other  must  be  to 
too. 

44]  Prop.  XI.  Let  the  body  A  (Fig.  G)  be  either  saturated 
or  over  or  undercharged;  and  let  the 
fluid  within  it  be  in  equilibrio.  Let 
now  the  body  B,  placed  near  it,  be  ren- 
dered overcharged,  the  fluid  within  it 
being  supposed  immoveable,  and  dis- 
posed in  such  manner,  that  no  part  of  it 
shall  be  undercharged ;  the  fluid  in  A 
will  no  longer  be  in  equilibrio,  but  will 
be  repelled  from  B  :  therefore,  the  fluid  will  flow  from  those  paitf 
of  A  which  are  nearest  to  £,  to  those  which  are  more  distaai 
from  it ;  and,  consequently,  the  part  adjacent  to  MN  (that  part  ^ 
the  surface  of  A  which  is  turned  towards  B)  will  be  made  to  ooD'- 
tain  less  electric  fluid  than  it  did  before,  and  that  adjacent  to  tli# 
opposite  surface  R8  will  contain  more  than  before. 
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It  must  be  observed,  that  when  a  sufficient  quantity  of  fluid 
6tiwe4  from  JfiV  towards  RS,  the  repulsion  wliich  the  fluid  in 
le  part  adjacent  to  Mtf  exerts  on  the  I'eat  of  the  fluid  in  A,  will 
W  BO  much  weakened,  and  the  repulsion  of  tliat  in  the  part  near 
RS  will  bo  so  much  increased,  as  to  compensate  the  repulsion  of 
fl,  which  will  prevent  any  more  fluid  flowing  from  MN  to  ES. 

The  reasou  why  I  suppose  the  fluid  in  S  to  be  immoveable  is, 
that  otherwise  a  question  might  arise,  whether  the  attraction  or 
rppulaion  of  the  body  A  might  not  cause  such  ao  alteration  iu  the 
(iispt«ition  of  the  fluid  in  B,  as  to  cause  some  parts  of  it  to  be 
umlerohaiged ;  which  might  make  it  doubtful,  whether  B  did  on 
the  whole  repel  the  fluid  in  A.  It  is  evident,  however,  that  this 
proposition  woiild  hold  good,  though  some  parts  of  B  were  iinder- 
diuged,  provideii  it  did  on  the  whole  repel  the  fluid  in  A. 

45]  Cob.  If  B  had  been  made  undercharged,  instead  of 
^hjkrged,  it  is  plain  that  some  fluid  would  have  flowed  from 
further  part  BS  to  the  nearer  part  MN,  instead  of  from  MN 

*fl]  Prop.  XII.  Let  us  now  suppose  that  the  body  A  com- 
Biunicates  by  the  canal  £!F,  with  another  bo<ly  D,  placed  on  the 
ftmteaiy  aide  of  it  from  B,  as  in  Fig.  5 ;  and  let  these  two  Ixnlies 
be  either  saturated,  or  over  or  imdercharged ;  and  lot  the  fluid 
»illun  there  be  in  efiiulibrio.  Let  now  the  botiy  B  be  overcharged : 
A  is  plain  that  some  fluid  will  be  driven  from  the  nearer  part  MN 
to  the  farther  part  ^5',  as  in  the  fontier  proposition ;  and  also  some 
ftiiil  will  be  driven  from  R8,  through  the  canal,  to  the  body  D; 
•0  that  the  quantity  of  fluid  in  D  will  be  increased  thereby,  and 
the  quantity  in  A,  taking  the  whole  body  together,  will  be  di- 
toiiiisbed ;  the  quantity  in  the  part  near  J/iV  will  also  be  dimi- 
niibed;  but  whether  the  quantity  in  the  part  near  B8  will  be 
ilimim.clie<l  or  not,  does  not  appear  for  certain ;  but  I  should  ima- 
gine it  would  be  not  much  altered, 

47)  Cor.  In  like  manner,  if  B  is  made  undercharged,  some 
hid  will  flow  fi-ora  D  to  A,  and  also  from  that  part  o{  A  near  RS, 
t«  the  part  near  My, 

Vi]  Prop.  XIII.  Suppose  now  that  the  bodies  A  and  D 
communicate  by  the  bent  canal  MPNnpm  (Fig.  7)  instead  of  the 
ftmigbt  one  EF:  let  the  bodies  be  either  saturated  or  over  or  under- 
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charged  as  before ;  and  let  the  fluid  be  at  rest ;  then  if  the  body  B 

Fig.  7. 


is  made  overcharged,  some  fluid  will  still  run  out  of  A  into  D ;  pro- 
vided the  repulsion  of  B  on  the  fluid  in  the  canal  is  not  too  great 

The  repulsion  of  B  on  the  fluid  in  the  canal  will  at  first  drive 
some  fluid  out  of  the  leg  MPpm  into  A,  and  out  of  NPpn  into 
D,  till  the  quantity  of  fluid  in  that  part  of  the  canal  which  is 
nearest  to  B  is  so  much  diminished,  and  its  repulsion  on  the  rest 
of  the  fluid  in  the  canal  is  so  much  diminished  also  as  to  com- 
pensate the  repulsion  of  B :  but  as  the  leg  NPpn  is  longer  than 
the  other,  the  repulsion  of  B  on  the  fluid  in  it  will  be  greater ; 
consequently  some  fluid  will  run  out  of  A  into  Z),  on  the  same 
principle  that  water  is  drawn  out  of  a  vessel  through  a  siphon. 

49]  But  if  the  repulsion  of  B  on  the  fluid  in  the  canal  is  so 
great,  as  to  drive  all  the  fluid  out  of  the  space  OPHpO,  so  that 
the  fluid  in  the  leg  MGpm  does  not  join  to  that  in  NHpn ;  then  it 
is  plain  that  no  fluid  can  run  out  of  A  into  D)  any  more  than  water 
will  run  out  of  a  vessel  through  a  siphon,  if  the  height  of  the  bend 
of  the  siphon  above  the  water  in  the  vessel,  is  greater  than  that 
to  which  water  will  rise  in  vacuo. 

50]  Cor.  If  B  is  made  undercharged,  some  fluid  will  nm 
out  of  D  into  A  ;  and  that  though  the  attraction  of  B  on  the  fluid 
in  the  canal  is  ever  so  great. 

51]  Prop.  XIV.  Let  ABC  (Fig.  8)  be  a  body  overcharged 
with  immoveable  fluid,  unifonnly 
spread;  let  the  bodies  near  ABC  on 
the  outside  be  saturated  with  im- 
moveable fluid ;  and  let  X)  be  a  body 
inclosed  within  ABC,  and  communi- 
cating by  the  canal  BG  with  other  dis- 
tant bodies  saturated  with  fluid ;  and 
let  the  fluid  in  D  and  the  canal  and 
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lluwe  bodies  be  moveable;  thea  will  the  body  D  be  rendered  nn- 
deichuged. 

For  let  us  first  suppose  Ui.it  D  and  the  canal  are  saturated,  and 
tiiat  D  is  nearer  to  B  than  to  the  opposite  part  of  the  body,  C; 
iWd  will  all  the  fluid  in  the  canal  be  repelled  from  C  by  the 
rwlondant  fluid  in  ABC;  but  if  D  is  nearer  to  C  than  to  B,  take 
the  point  F,  such  that  a  particle  placed  tliere  would  bo  repelled 
fn-m  C  with  as  much  force  as  one  &t  ^  is  repelled  towards  C ;  the 
fluid  iu  DF.  taking  t)ie  whole  together,  wilt  be  repelled  with  as 
mocb  force  one  way  as  the  other ;  and  thu  fluid  in  FO  is  all  of  it 
rq>p|led  from  C:  therefore  in  both  cases  the  fluid  in  the  canal, 
taking  tlie  whole  together,  is  repelled  from  C;  consequently  some 
Ihiid  will  run  out  of  D  and  the  canal,  till  the  attraction  of  the 
inuBtnrated  matter  tlieruin  is  sufficient  to  balance  the  repulsion 
"ftbe  redundant  fluid  in  ABa 

52J     Prop,   SV.     If  we  now  suppose  that  the   fluid  on   the 

tintsiile  of  ABC  is  moveable  ;  the  matter  adjacent  to  A  BO  on  tbe 

outside  will  become  luiJeroharged.      I  see  no  reason  however  to 

lliink  ibat  that  will  prevent  the  body  D  from  being  undercliarged ; 

Uit  I  cannot  say  exactly  what  effect  it  will  have,  except  when 

^ABC  is  spherical  and  the  repulsion  is  inversely  as  the  square  of 

^■k  distance ;  in  tbis  case  it  appears  by  Prob.  I.  that  the  fluid  in 

^Pw  port  DB  of  the  canal  will  be  repelled  from  C,  with  just  as 

^Ptancli  force  as  in  the  last  proposition ;  but  the  fluid  in  the  |iart  BO 

•rill  not  be  repelled  at  aTl :  consequently  D  will  be  undercharged, 

l«t  not  so  much  as  iu  the  last  proposition. 

53]  Cob.  If  A  BC  is  now  supposed  to  be  undercharged,  it  is 
Wain  that  D  will  be  overcharged,  provided  the  matter  near  ABC 
'«  the  outside  is  saturated  with  iioinoveable  fluiil ;  and  there  is 
p«t.  rt-ason  to  think  tiiat  it  will  be  so,  though  the  fluid  in  that 
"wtler  is  moveable. 


54]     Prop.  XVL      Let  AEFD  (Fi{ 
Wj,  and  D  an   imilerchat^d 
Wy;  luid  let  the  quantity  of  ^ 

I AEFB  be  such,  that  the      ' 
PW  near  EF  shall  be  sat^T.^teIl.      , 
rh  appears  from  what  has  been 
before,  that  the  part  near  AB 


.  D)  bo  a  Imig  cdindiic 
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ov-rr  ^-r.^rr  ttLl  he  a  •:i»rr'-Aifl.  ?pac>r.  as  AabB,  ^joining  to  the  plane 
AB.  ill  whi'-jr.  :L*=r  dii-i  will  {>=  pHr-rrssei  civnse  t« rather;  and  the 
fliiri  in  r.hu*;:  spi«>;  will  pr^rss  a^run^x:  the  pLine  -^IjB,  and  will 
en-irravour  'o  e5«2ape  rr.ti  :: :  in-i  bj  Pr-.-p.  EL  the  two  bodies  will 
attract  •^^'■':i  •:irr.vr :  i;  .x  I  tat  -rhir  the  force  with  which  the  fluid 

m 

pr»is»es  ai^:*;it.*t  the  plizie  -1  fi.  is  vrrry  nearly  the  same  with  which 
the  tw.j  bi>ii-is  attra«:t  ea.:h  oth-r  in  the  direction  EA ;  provided 
that  no  part  of  AEFB  is  rinderchargetl. 

Supp/se  =•>  m"i«?h  of  the  fltiid  in  each  part  of  the  cylinder  as  is 
snfBcient  to  satiirate  the  matter  in  that  part,  to  become  *3lid ;  the 
remainder,  or  the  reiiu&lant  fluid  remaining  fluid  as  before.  In 
this  ca.%  the  pressure  against  the  plane  AB  must  be  exactly  equal 
to  that  with  which  the  two  l»lie3  attract  each  other  in  the  di- 
rection EA  :  f«.«r  th^^  f>rce  with  which  D  attracts  that  part  of  the 
fliiirl  which  we  sTipp-jse*!  to  became  »>lid,  is  exactly  equal  to  that 
with  which  it  refiels  the  matter  in  the  cylinder;  and  the  redun- 
dant fluid  in  EabF  is  at  liberty  to  move,  if  it  had  any  tendency 
to  do  sij,  without  moving  the  cylinder;  3*3  that  the  only  thing 
which  has  any  tendency  to  impel  the  cylinder  in  the  direction  EA 
is  the  proH-sure  of  the  redundant  fluid  in  ^-la&B  against  AB;  and 
an  the  fiart  near  EF  is  saturated,  there  is  no  redundant  fluid  to 
press  against  the  plane  EF,  and  thereby  to  counteract  the  pressure 
against  AB.  Suppose  now  all  the  electric  fluid  in  the  cylinder 
to  become  fluid ;  the  force  with  which  the  two  bodies  attract  each 
other  will  remain  exact Iv  the  same;  and  the  onlv  alteration  in 
the  pressure  against  AB,  will  be,  that  that  part  of  the  fluid  in 
AabB,  which  we  at  first  supposed  solid  and  unable  to  press  against 
the  plane,  will  now^  be  at  liberty  to  press  against  it ;  but  as  the 
density  of  the  fluid  when  its  particles  are  pressed  close  together 
may  be  supp^s^^l  many  times  greater  than  when  it  is  no  denser 
than  sufficient  to  saturate  the  matter  in  the  cvlinder,  and  couse- 
quently  the  quantity  of  re^lundant  fluid  in  AabB  many  times 
greater  than  that  which  is  re<juired  to  saturate  the  matter  therein, 
it  follows  that  the  pressure  against  AB  will  be  very  little  more 
than  on  the  first  supjx>sition. 

ft 

N.B.  If  any  part  of  the  cylinder  is  undercharged,  the  pressure 
against  AB  is  greater  than  the  force  with  which  the  bodies  attract 
If  the  electric  repulsion  is  inversely  as  the  square  or  some  higher 
power  of  the  distance,  it  seems  very  unlikely  that  any  part  of  the 
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cylinder  shoulil  be  undercharged ;  but  if  the  repulsion  13  inversely 
aa  Bonie  lower  power  than  the  square,  it  is  not  improbable  but 
aomo  part  of  the  cylinder  may  be  undercharged. 

55]     LeHma  VII.     Let  ^  B  (Fig.  10)  repreaent  an  infinitely 
Uiin  flat  circiihir  plate,  seen  edgewaj-s, 
so  as  to  appear  to  the  eye  as  a  straight 
line ;  let  C  be  the  center  of  the  circle  ; 
and  let  DC  passing  through  C,  be  per- 

jwndicular  to  the  plane  of  the  plat« ; 

and  let  the  plate  be  of  uniform  tlitck- 

nL-»,  and   oon&ist  of  uniform  matter, 

whtwe  partjcles  repel  witb  a  force  in- 

vrrsely  as  the  n   power   of  the  dis-  B 

tance ;  n  being  greater  than  one,  and 

hts  than  three :  the  repulsion  of  Uie  pkte  on  a  particle  at  D  is  pro- 

portional  to  j.y>i.-i~7,  j.-i!  provided  the  thickness  of  the  plate 
Bad  size  of  the  particle  D  is  given. 

For  if  CA  is  supposed  to  flow,  the  corresiponding  fluxion  of  the 
quanti^  of  matter  in  the  plat*  is  proportional  to  CA  x  CA  ;  and 
the  coms*pouding  fluxion  of  the  repidaion  of  the  plate  on  the 
particle  D,  in  the  direction  DC,  is  proportional  to 
CAx  CA     DC         DA  x  DC 
DA'      ^31'    ^      DA-      ' 
X  DA  :  CA  ::   CA  :  DA ;   the  variable   part   of  the   fluent  of 
whence  the  repulsion   of  the   plate   on 


(n  -  1}  DA' 
e  particle  D  is  proportional  to 

DC         DC 
"yJO"-'     DA'-'' 


66]  Cor  If  DC-'  is  very  small  in  1 
J  D  is  repelled  with  very  nearly  the 
7  uf  the  plate  was  infinite. 


[n-l)  DC-'      (h-1)  DA" 


aspect  of  CA"'^,  the  par- 
ame  force  aa  if  the  dia- 


67]     Lemma  VIII.     Let  L  and  t  represent  the  two  legs   of 
I  liglit-angled  triangle,  and  k  the  hypothenuse ;   if  the   shorter 
t  i  is  ao  much  less  than  the  other,  that  f'  is  very  small  in 
!t  of  L'-',  h*-'  —  i'*"  will  be  very  small  in  respect  of  l^ 
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For  &»-=(L*  +  P)'*""=i»-(l  +  j.)"*^ 


..~[,,(l^'.(l^=K^,^] 


therefore 


P"*x3-n  xZ*~^     P^x3-^n  xn-1  xf** 


,  &c. 


which  is  very  small  in  respect  of  f"* ;  as  P'*  is  by  the  supposition 
very  small  in  respect  of  //•'*. 

58]  Lehma  IX.  Let  DG  now  represent  the  axis  of  a  cy- 
lindric  or  prismatic  column  of  uniform  matter;  and  let  the  dia- 
meter of  the  column  be  so  small,  that  the  repulsion  of  the  plate 
AB  on  it  shall  not  be  sensibly  diflFcrent  from  what  it  would  be, 
if  all  the  matter  in  it  was  collected  in  the  axis :  the  force  with 
which  the  plate  repels  the  column  is  jMroportional  to 

supposing  the  thickness  of  the  plate  and  base  of  the  column  to  be 
given. 

For,  if  Z)  (7  is  supposed  to  flow,  the  corresponding  fluxion  of  the 
repulsion  is  proportional  to 

DC      DCy.DC _  DC       DA 
DC"-*       DA^    "DC"-*     DA"^' 

the  fluent  of  which, ^ — ,  vanishes  when   DC 

vanishes. 

59]  Cor.  I.  If  the  length  of  the  column  is  so  great  that 
A  C""*  is  very  small  in  respect  of  DC*"*,  the  repulsion  of  the  plate 
on  it  is  very  nearly  the  same  as  if  the  column  was  infinitely  con- 
tinued. 

For  by  Lemma  VIII.  AC^-h  DC^  -  DA^^^  differs  very  little 

m  this  case  from  -4C'"*;  and  if  2?  (7  is  infinite,  it  is  exactly  equal 
to  it. 


62]  CIRCULAR  RING.  25 

60]  Cor,  It  If  ^  C""'  is  very  small  in  respect  of  DC^\  and 
the  point  E  be  taken  in  DC  such  that  EC^  shall  be  very  small 
in  respect  of  A  C*~*,  the  repulsion  of  the  plate  on  the  small  part 
of  the  column  EC,  is  to  its  repulsion  on  the  whole  column  DC, 
very  nearly  as  J?(7*"*  to  A  C"'*. 

61]  Lemma  X.  If  we  now  suppose  all  the  matter  of  the 
plate  to  be  collected  in  the  circumference  of  the  circle,  so  as  to 
form  an  infinitely  slender  uniform  ring,  its  repulsion  on  the  column 
DC  will  be  less  than  when  the  matter  is  spread  uniformly  all  over 
the  plate,  in  the  ratio  of 

lS-n)AC* 


{a^^-JjI^)  ^  DC^-^^C^-DA^-^' 


For  it  was  before  said,  that  if  the  matter  of  the  plate  be  spread 
uniformly,  its  repulsion  on  the  column  will  be  proportional  to 
J)C7*"*  +  AC^^  —  DA*^,  or  may  be  expressed  thereby ;  let  now  AC, 
the  semidiameter  of  the  plate,  be  increased  by  the  infinitely  small 
qoantily  AC;  the  quantity  of  matter  in  the  plate  will  be  increased 

by  a  quantity,  which  is  to  the  whole,  as  2 AC  to  AC]  and  the  re- 
pulsion of  the  plate  on  the  column  will  be  increased  by 

{3-n) AC  xAC*^ -AC  x-^x  {3- n)  X  DA*^, 

=-(S-n)xACxACx  ^^^,  _^^-^.,j  : 

therefore  if  a  quantity  of  matter,  which  is  to  the  whole  quantity 
in  the  plate  as  2AC  to  AC  be  collected  in  the  circumference,  its 
repulsion  on  the  column  DC  will  be  to  that  of  the  whole  plate 
as 

Z-nxACxACx(^^,-^~^,U>DC'-'  +  AG'-'-DA'^; 

and  consequently  the  repulsion  of  the  plate  when  all  the  matter 
is  collected  in  its  circumference,  is  to  its  repulsion  when  the 
matter  is  spread  uniformly,  as 


n-H 


62]    COR.  I.    If  the  length  of  the  column  is  so  great,  that  AC 
w  very  small  in  respect  of  jDC""*,  the  repulsion  of  the  plate,  when 
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all  the  matter  is  collected  in  the  circumference,  is  to  its  repulsion 

when  the  mart-rf  is  sprea^l  uniformly,  very  nearly  as   ^ 

z 

to  A  C^,  or  as  3  —  fi  to  ± 

Off  Cor.  IL  If  ITC^*  is  very  small  in  respect  of  A  (7^,  the 
repulsion  of  the  plate  on  the  short  column  JFC,  when  all  the 
matter  in  the  plate  is  collected  in  its  circumference,  is  to  its 
repulsion  when  the  matter  Is  spread  imiformly,  very  nearly  as 

or  as  3— lixn  —  Ix  EC""*  to  4  A  C^ ;  and  is  therefore  very  small 
in  comjiarison  uf  what  it  is  when  the  matter  is  spread  uniformly. 

For  by  the  same  kinil  of  process  as  was  used  in  Lemma  VIII, 
it  apiKrars,  that  if  EC'  is  very  small  in  respect  of  A  C, 


^^^ ""  (Zc^-* "  £3^} 


differs  very  little  from  — e^p  An-\  ~  »  ^'  ^^^^     ~9~4r'"-»~  »  *^^  ^ 

EC^^  is  very  small  in  respect  of  A  (7""',  E(P  is  d  foHxori  very 
small  in  respect  of  A  (.**. 

64]  Cor.  III.  Suppose  now  that  the  matter  of  the  plate  is 
denser  near  the  circumference  than  near  the  middle,  and  that  the 
density  at  and  near  the  middle  is  to  the  mean  density,  or  the 
density  which  it  would  everpvhere  be  of  if  the  matter  was  spread 
unifonnly,  as  8  to  1 ;  the  repulsion  of  the  plate  on  EC  will  be  leas 
than  if  tlio  matter  was  spread  uniformly,  in  a  ratio  approaching 
much  nearer  to  that  of  8  to  1,  than  to  that  of  equality. 

C5]  Cor.  IV.  Let  everything  be  as  in  the  last  corollary,  and 
let  TT  be  taken  to  one,  as  the  force  with  which  the  plate  actually 
repels  the  column  jDC,  (DC""*  being  very  great  in  respect  of  AC^\ 
is  to  the;  force  with  which  it  would  repel  it,  if  the  matter  was  spread 
unifonrdy ;  the  repulsion  of  the  plate  on  EC  will  be  to  its  repul- 
sion on  DCy  in  a  ratio  between  that  of  EC*'""  x  8  to  AC^"*  x  ir,  and 
that  of  EC*^  to  -4(7'"*  x  tt,  but  will  approach  much  nearer  to  the 
former  ratio  than  to  the  latter. 
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66]  LiOtUA  XI.  In  the  line  DG  produced,  take  CF  equal 
CA  :  if  all  the  matter  uf  the  plate  AB  is  collected  in  the  cii-- 
mference,  its  repulsion  on  the  colutnn  CD,  infinitely  continueil, 
equal  to  the  repulsion  of  the  same  quantity  of  matt«r  collected 
the  point  F,  on  the  same  column. 

For  the  repulsion  of  the  plate  on  th«  column  in  the  direction 
0.  is  the  same,  whether  the  matter  of  it  be  collected  in  the  whole 
rumference,  or  in  the  point  A,  Suppose  it  therefore  to  be  col- 
:ted  in  A ;  and  let  an  equal  quantity  of  matter  be  colle(;ted  in  F; 
kc  FG  constantly  equal  to  AD ;  an  J  let  AD  miil  FG  flow  :  the 
uion  of  CD  is  to  the  fluxion  oi  FG.  as  AD  %o  CD;  and  the 
ptilsiou  of^  on  the  point  D,  in  tlie  direction  CD,  ia  to  the 
pulsion  of  /■  on  G,  as  CD  io  AD ;  and  therefore  the  ttusion 
Jt»  repulsion  of  A  on  the  column  CD,  in  the  direction  CD, 
^Blil  to  the  fluxion  of  the  repulsion  of  F  on  CG ;  and  when  AD 
^Hb  AC,  the  repulsion  of  both  A  and  F  on  their  respective 
j^^n"  vanishes  ;  and  therefore  the  repulsion  of  A  on  the  whole 
(uhonn  CD  etjuals  that  of  F  on  CG  ^  and  when  CD  and  CG  aro 
kth  infinitely  extended,  they  may  be  looked  upon  as  the  same 
(olnmn. 

87]  Pbop.  XVII.  Let  two  similar  bodies,  of  different  sizes, 
ml  tunsisting  of  different  sorts  of  matter,  be  both  overcharged, 
1»  both  undercharged,  but  in  different  degrees ;  and  let  tlie  re- 
l^lance  or  deficience  of  fluid  in  each  be  very  small  in  respect 
"rftbe  whole  quantity  of  fluid  in  them:  it  is  impossible  for  the 
!liU)l  b)  be  dis|x)sed  accurately  in  a  similar  manner  in  both  of 
feo* ;  as  it  has  been  shewn  that  there  will  be  a  space,  close  to 
[ft«  niHace,   which   will  either  be  as   full  of  fluid  as  it  can  hold, 

will  be  entirely  deprived  of  fluid;  but  it  will  be  disposed  aa 
iHuiy  in  a  similar  manner  in  both,  as  is  possible.  To  explain 
•i^  let  BDE  and  bde  (Fig.  11)  be  the  two  similar  bodies ;  and 


*  By  the  fluid  being  iluposed  in  n  oimilar  tDfttiner  in  both  bodieB,  I  difbii  that 
\%  plain  J  of  nidmidant  or  deflcient  fluid  in  vay  email  port  of  one  body,  is  to 
ht  ID  tiw  Docrrapoiidiiig  imall  put  ol  tho  other,  aa  tbe  wbole  quantity  of  re- 
Itevl  or  ilaficient  finid  iu  one  hoAj,  to  that  in  the  other.  B;  the  quantity 
tfUrimt  fluid  in  h  I>od.v,  I  mean  (he  quuitity  of  Quid  wanting  to  saturate  it. 
Wfcllliililllilinii  the  improprLety  ot  this  eiptesifloa,  I  must  beg  leave  to  make  uao 
•i,M|l  wiU  (rcquenlly  save  a  great  de4l  oJ  eiioumloQution.    [See  Note  1,] 
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let  the  space  compreliended  between  p.    j^ 

the  surfaces  BDE  and  FGH  (or  the 
space  BF  as  I  shall  call  it  for  short- 
ness) be  that  part  of  BDE,  which  is 
either  as  full  of  fluid  as  it  can  hold, 
or  entirely  deprived  of  it :  draw  the 
surface  fgh,  such  that  the  space  hf 
shall  be  to  the  space  BF,  as  the  quan- 
tity of  redundant  or  deficient  fluid  in 
hde,  to  that  in  BDE,  and  that  the  thickness  of  the  space  6/"  shall 
everywhere  bear  the  same  proportion  to  the  corresponding  thick- 
ness of  BF:  then  will  the  space  6/*  be  either  as  fiill  of  fluid  as 
it  can  hold,  or  entirely  deprived  of  it ;  and  the  fluid  within  the 
space  fgh  will  be  disposed  very  nearly  similarly  to  that  in  the 
space  FGH, 

For  it  is  plain,  that  if  the  fluid  could  be  disposed  accurately 
in  a  similar  manner  in  both  bodies,  the  fluid  would  be  in  equi- 
librio  in  one  body,  if  it  was  in  the  other :  therefore  draw  the  surface 
^Se,  such  that  the  thickness  of  the  space  fif  shall  be  everywhere 
to  the  corresponding  thickness  of  BF,  as  the  diameter  of  hde  to 
the  diameter  of  BDE-,  and  let  the  redundant  fluid  or  matter 
in  hf  be  spread  unifonnly  over  the  space  Pf\  then  if  the  fluid 
in  the  space  fgh  is  disposed  exactly  similarly  to  that  in  FOH, 
it  will  be  in  equilibrio ;  as  the  fluid  will  then  be  disposed  exactly 
similarly  in  the  spaces  ^he  and  BDE:  but  as  by  the  supposi- 
tion, the  thickness  of  the  space  ^f  is  very  small  in  respect  of 
the  diameter  of  hde,  the  fluid  or  matter  in  the  space  hf  will  exert 
very  nearly  the  same  force  on  the  rest  of  the  fluid,  whether  it 
is  spread  over  the  space  ^,  or  whether  it  is  collected  in  hf 

68]  Prop.  XVIII.  Let  two  bodies,  B  and  6,  be  connected 
to  each  otlier  by  a  canal  of  any  kind,  and  be  either  over  or  un- 
dercharged :  it  is  plain  that  the  quantity  of  redundant  or  deficient 
fluid  in  B,  would  bear  exactly  the  same  proportion  to  that  in  6, 
whatever  sort  of  matter  B  consisted  of,  if  it  was  possible  for  the 
redundant  or  deficient  fluid  in  any  body  to  be  disposed  accu- 
rately in  the  same  manner,  whatever  sort  of  matter  it  consisted  of. 
For  suppose  B  to  consist  of  any  sort  of  matter ;  and  let  the  fluid 
in  the  canal  and  two  bodies  be  in  equilibrio :  let  now  B  be  made 
to  consist  of  some  other  sort  of  matter,  which  requires  a  different 


Fig.  12. 


quantity  of  fluid  to  saturate  it ;  but  let  the  quantity  and  disposition 
o(  the  redundant  or  deficient  fluid  in  it  remain  the  same  as  l>efoie  : 
it  is  plain  that  the  fluid  will  still  be  in  e<iuiiibrio;  as  the  attrac- 
tion or  repulsion  of  any  body  depenils  only  ou  the  quantity  and 
disposition  of  the  redundant  and  deficient  fluid  in  it,  Therefore, 
by  the  preceding  proposition,  the  quantity  of  retlundant  or  de- 
ficient fluid  in  B,  will  actually  bear  very  nearly  the  same  propor- 
tioD  to  that  in  h,  whatever  sort  of  matter  B  consists  of ;  provided 
the  quantity  of  redundant  or  deficient  fluid  in  it  is  veiy  small  in 
iMpect  of  the  whole     [See  Exp.  IV.,  Art.  2(}9.] 

C9]     Prop.  XIX.     Let  two  bodies  B  and  h  (Fig.  12)  be  con- 

nectwl  together  by  a  very  slender 

cuial     ADda,    either    straight    or 

crouked :  let  the  canal  be  every- 
where of  the  same  breadth  and  thick- 

nen ;  ao  that  all  sections  of  ibis  canal 

made  by  planes  perpendicular  to  the 

ditcctioa  of  the  canal  in  that  part, 

ihaO  be  equal  and  similar :  let  the 

canal  be  composed  of  uniform  matter ; 

and  let  the  electric  fluid  therein  be 

npposed  incompressible,  and  of  such  density  or  exactly  to  satu- 
nte  the  matter  therein ;  and  let  it,  nevertheless,  be  able  to  move 
Radily  along  the  canal;  and  let  each  particle  of  fluid  in  the  cansi 
be  attracted  and  repelled  by  the  matter  and  fluid  in  tbc  canal 
lad  in  the  bodies  B  and  b.  Just  in  the  same  manner  that  it  would 
I  Ik  if  it  was  not  incompressible*;  and  let  the  bodies  B  and  b  be 
atber  over  or  underchaiged.  I  say  that  the  force  with  which 
Hie  whole  quantity  of  fluid  in  the  canal  is  impelled  from  A  to- 
«uds  1),  in  the  direction  of  the  axis  of  the  canal,  by  the  united 
ittntL-tiotia  and  repulsions  of  the  two  bodies,  must  be  nothing  ;  as 
htiterwise  the  fluid  in  the  canal  could  not  be  at  rest:  observing 
flikt  by  the  force  with  which  the  whole  quantity  of  fluid  is  ira- 
pttled  in  the  direction  of  the  axis  of  the  canal,  I  mean  the  sum 
of  tfae  forces,  with  which  the  fluid  in  each  part  of  the  canal  is 
inpflk-d  in  the  direction  of  the  axis  of  the  canal  iji  that  place, 

*  Tbu  mppoeition  of  tbe  flnul  in  Ihs  canal  being  incompresdbto,  ia  not  mm- 
iHMd  ■>  •  thing  whiah  can  evet  tnke  plnoe  in  tuvtiire,  but  is  mere);  imnginu?; 
II  lot  making  of  wbich  will  be  given  hcrenttcr. 
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from  A  towards  D\  and  observing  also,  that  an  impulse  in  th< 
contrary  direction  from  D  towards  A  must  be  looked  upon  at 
negative. 

For  as  the  canal  is  exactly  saturated  with  fluid,  the  fluid 
therein  is  attracted  or  repelled  only  by  the  redundant  matter  oi 
fluid  in  the  two  bodies.  Suppose  now  that  the  fluid  in  any  section 
of  the  canal,  as  Ee,  is  impelled  with  any  given  force  in  the  di- 
rection of  the  canal  at  that  place,  the  section  Dd  would,  in  con- 
sequence thereof,  be  impelled  with  exactly  the  same  force  in  the 
direction  of  the  canal  at  2),  if  the  fluid  between  Ee  and  Dd  was 
not  at  all  attracted  or  repelled  by  the  two  bodies;  and,  conse- 
quently, the  section  Dd  is  impelled  in  the  direction  of  the  canal, 
with  the  sum  of  the  forces,  with  which  the  fluid  in  each  part  of 
the  canal  is  impelled  by  the  attraction  or  repulsion  of  the  two 
bodies  in  the  direction  of  the  axis  in  that  part ;  and  consequently, 
unless  this  sum  was  nothing,  the  fluid  in  Dd  could  not  be  at  rest 

70]  Cor.  Therefore,  the  force  with  which  the  fluid  in  the 
canal  is  impelled  one  way  in  the  direction  of  the  axis,  by  the 
body  B,  must  be  equal  to  that  with  which  it  is  impelled  by  h 
in  the  contrary  direction. 

71]  Prop.  XX.  Let  two  similar  bodies  B  and  h  (Fig.  13)  be 
connected  by  the  very  slender  ^-    ^3 

cylindric  or  prismatic  canal  Aa^ 
filled  with  incompressible  fluid, 
in  the  same  manner  as  described 
in  the  preceding  proposition: 
let  the  bodies  be  overcharged ; 
but  let  the  quantity  of  redundant  fluid  in  each  bear  so  small  a 
proportion  to  the  whole,  that  the  fluid  may  be  considered  as  dis- 
posed in  a  similar  manner  in  both;  let  the  bodies  also  be  simi- 
larly situated  in  respect  of  the  canal  Aa ;  and  let  them  be  placed 
at  an  infinite  distance  from  each  other,  or  at  so  great  an  one,  that 
the  repulsion  of  either  body  on  the  fluid  in  the  canal  shall  Hot  be 
sensibly  less  than  if  they  were  at  an  infinite  distance:  then,  if 
the  electric  attraction  and  repulsion  is  inversely  as  the  n  power 
of  the  distance,  n  being  greater  than  1,  and  less  than  3,  the  quan- 
tity of  redundant  fluid  in  the  two  bodies  will  be  to  each  other 
as  the  n  — 1  power  of  their  corresponding  diameters  ^Fand  a/. 


ED 

-I L_ 


Er  if  the  qiiautity  of  reduudant  fluid  id  the  two  bodies  is 
I  proportJoti,  the  repubion  of  one  body  on  Uie  fluid  in  the 
will  l>e  equal  to  that  of  the  other  body  on  it  in  the  con- 
tniy  direction ;  aud;  consequently,  the  fluid  will  have  no  tendency 
flitw  from  one  boiiy  to  the  other,  as  may  thus  be  proved.     Take 
liuta  Z>  and  E  very  near  to  ea<::h  other ;  and  take  da  to  DA , 
to  EA,  as  af  to  AF;  the  repulsion  of  the  body  £  on  a 
at  D,  will  be  to  the  repulsion  of  6  on  a  particle  at   if, 

to  -^;  for,  as  the  fluid  is  disposed  similarly  in  both  bodies, 

lantity  of  fluid  in  any  small  part  of  fl,  is  to  the  quantity 

correBponding  part  of  b,  as  AF^'^  t^  nf' ;   and   conse- 

[y  the  repulsion  of  that  small  part  of  B,  on  D,  is  to  the 

of  the  corresponding  part  of  b,  on  d,  as  — te*  ,  or  -jp , 
to  -j..    But  the  quantity  of  fluid  in  the  small  part  DE  of  the 

onaJ,  is  to  that  in  de,  as  DE  to  de,  or  as  ^^to  of;  therefore  the 
Rpalsion  of  B  on  the  fluid  in  DE,  is  equal  to  that  of  b  on  the 
luid  in  de :  therefore,  taking  off  to  Aa,  bs  of  to  AF,  the  repulsion 
rf  6  on  the  fluid  in  ajr,  is  equal  to  that  of  B  on  the  fluid  in  Aa ; 
hat  the  repulsion  of  J  on  ajr  may  be  considered  as  the  same  as 
it)  repulsion  on  Aa;  for,  by  the  supposition,  the  repulsion  of  B 
on  Aa  may  be  considored  as  the  same  as  if  it  was  continued 
bfinilely;  and  therefore,  the  repulsion  of  6  on  ag  may  be  con- 
Nileied  as  the  same  as  if  it  was  continued  infinitely. 

N.R  If  n  was  not  greater  than  1,  it  would  be  impossible  for 
llie  length  of  Aa  to  be  so  great,  that  the  repulsion  of  B  on  it 
might  be  considered  as  the  same  as  if  it  was  continued  infinitely ; 
wluch  was  my  reason  for  requiring  n  to  be  greater  than  I. 

_72]     Cor.     By  just  the  same  method  of  reasoning  it  appears, 
I  if  the  bodies  are  undercharged,  the  quantity  of  deficient  fluid 
rill  be  t«  that  in  B,  as  a/"*  to  AF^. 

t3]  PaOP.  XXI.  Let  a  thin  flat  plate  be  connected  to  any 
r  body.  Its  in  the  preceding  proposition,  by  a  canal  of  iucom- 
liblc  fluid,  perpendicular  to  the  phine  of  the  plate;  and  let 
libody  be  overcharged,  the  quantity  of  redundant  fluid  in  the 
t  will  bear  very  nearly  the  same  proportion  to  that  in  the 
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other  body,  whatever  the  thickness  of  the  plate  may  be,  provided 
its  thickness  is  very  small  in  proportion  to  its  breadth,  or  smallest 
diameter. 

For  there  can  be  no  doubt,  but  what,  under  that  restriction, 
the  fluid  will  be  disposed  very  nearly  in  the  same  manner  in  the 
plate,  whatever  its  thickness  may  be;  and  therefore  its  repulsion 
on  the  fluid  in  the  canal  will  be  very  nearly  the  same,  whatever 
its  thickness  may  be.     [See  Exp.  IV.,  Art  272.] 

74]     Prop.  XXII.    Let  AB  and  DF  (Fig  14)  represent  two 
equal  and  parallel  circular  plates,  whose  centres  are  C  and  E\  let 

Fig.  U. 

A    D 
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the  plates  be  placed  so,  that  a  right  line  joining  their  centen 
shall  be  perpendicular  to  the  plates;   let   tlie  thickness  of  the  ; 
plates  be  very  small  in   respect  of  their  distance    CE;  let  the 
plate  AB  communicate  with  the  body  H,  and  the  plate  DF  with 
the  body  i,  by  the  canals  CG  and  EM  of  incompressible  fluid,  ■ 
such   as  are   described  in    Prop.   XIX;    let  these    canals   meet 
their    respective   plates  in    their  centers   C  and  E,  and  be  per- 
pendicular to  the  plane  of  the  plates ;  and  let  their  length  be 
so  great,  that  the  repulsion  of  the  plates  on  the   fluid  in  them 
may  be  considered  as  the  same  as  if  they  were  continued  infi-   \ 
nitely;  let  the  body  H  be   overcharged,  and  let  L  be  saturated. 
It  is  plain,  from  Prop.  XII.,  that  DF  will  be  undercharged,  and    • 
AB  will  be  more  overcharged  than  it  would  otherwise  be.    Sup*  * 
pose,  now,  that  the  redundant  fluid  in  AB  is  disposed  in  the  same 
manner  as  the  deficient  fluid  is  in  DF;  let  P  be  to  one  as  the 
force  with  which  the  plate  A  B  would  repel  the  fluid  in  CE,  if 
the  canal  ME  was  continued  to  C,  is  to  the  force   with   whidi 
it  would  repel  the  fluid  in  CM;  and  let  the  force  with  whidk 
AB  repels  the  fluid  in  CO,  be  to  the  force  with  which  it  would 


TWO   PARALI.KL   DISKS.  S3 

if  the  redimdiint  fluid  in  it  was  Bprcail  uuif-irmly,  as 

to  1 ;  and  let  the  force  with  which  the  body  H  rejiela  tlie  fluid 

CO,  be  the  same  with  which  a  quantity  of  redundaut  fluid, 

which  we  will  call  B,  spread  uniformly  orer  A  S,  would  rpptl  it 

in  the  contrary  directiou.     Then  will  the  redundant  fluid  in  AB 

I   te  equaJ  to  gp — _  pt    ,  and  therefore,  if  P  is  very  smnlL,  will 

1»  very  nearly  equal  to  ^-p- ;  and  the  deficient  fluid  in  DF  will 

ke  to  the  redunilant  fluid  in  AB,  as  1  —  i"  to  1,  and  thorcfore, 
tf  P  18  very  small,  will  be  very  nearly  equal  to  the  redundant 
fluid  in  J  a 

For  it  is  plain,  that  tlie  force  with  which  AB  rcpeU  tho  fluid  in 
Sy,  must  be  equal  to  that  with  which  DF  attracts  it ;  for  other- 
»ise,  some  fluid  would  run  out  of  DF  into  L,  or  out  of  L  into  DF : 
fcr  the  same  reason,  the  ejiceas  of  the  repulsion  of  AB  on  the  fluid 
in  CO,  above  tbe  attraction  of  FD  thereon,  must  be  equal  to  the 
force  with  which  a  quantity  of  redundant  fluid  equal  to  B,  spread 
umformly  over  AB,  would  repel  it,  tir  it  rnuat  be  equal  to  that 

1  which 

■^a  reiiuudant  fluid  is  actually  spread  In  A  B,  would  repel  it.     By 
^^■supposition,  the  force  with  which  AB  repels  the  fluid  in  EM, 
^^ft>  the  force  with  which  it  would  repel  the  fluid  in  CM,  sup- 
^Hfcig  EM  to  be  continued  to  C,  aa  \  —  P  Ui  \  ;  but  the  force 
^iTth  which  any  qtiantity  of  fluid  in  ^ZJ  would  repel  the  fluid 
ia  CM,  is  the  same  with  which  an  equal  qiiautity  similarly  dis- 
posed in  JiF,  would  repel  the  fluiii  ui  EM;  therefore  tlie  force 
iriUi  which  the  redundant  fluid  la  AB  repels  the  fluid  in  EM, 
Tm  to  that  with  which  an  equal  quantity  similarly  disposed  in  DF, 
'•onlj  repel   it,  as  1 -P  tu  1 :  therefore,  if  the  redundant  fluid 
■in  AB  be  called  A,  the  deficient  fluid  in  DFmwst  be  ^  x  1  -P  : 
t»  the  same  reason,  the  force  with  which  DF  attracts  the  fluid 
in  Cti,  is  to  that  with  which  AB  repels  it,  as  ^  x  1  -  P  x  1  -  P, 
•T.J  X  [I  —  P)',  to  A  ;  therefore,  the  excess  of  the  force  with  which 
■AB  rvpela  CG  above  that  with  which  DF  attracts  it,  is  equal 
10  tliat   with   which    a  quantity  of   redundant    fluid   equal   to 
Jt-A  x(l-P)'.  or   Jx(2P-P*),   spread   over   AB.   in  tho 
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manner  in  which  the  redundant  fluid  therein  is  actually  spread, 
would  repel  it :  therefore  A  x  (2P  —  P*)  must  be  equal  to  —  ,  or  A 

IT 

must  be  equal  to  ^p — __  ^    . 

75]  Cor.  T.  If  the  density  of  the  redundant  fluid  near  the 
middle  of  the  plate  AB^  is  less  than  the  mean  density,  or  the 
density  which  it  would  everywhere  be  of,  if  it  was  spread  uni- 
formly, in  the  ratio  of  8  to  1 ;  and  if  the  distance  of  the  two  plates 
is  so  small,  that  E(T~^  is  very  small  in  respect  of -4C*"*,  and  that 
EC^^  is  very  small  in  respect  of  AC^^,  the  quantity  of  redundant 


B     AC 
fluid  in  AB  will  be   greater    than   -^  x  ^^ 


and    less   than 


B     A 

X 


^^  ^  -^Y=y|    >  ^^*  w^U  approach  much  nearer  to  the  latter  value 
than  the  former.    For,  in  this  case,  Pir  is,  by  Lemma  X.  CoroL  IV., 


less  than    -rn 
AC 


8-» 


,  and  greater  than 


EC 


%-n 


X  8,  but  approaches 


AC 

much  nearer  to  the  latter  value  than  the  former ;  and  if  EC*^ 
is  very  small  in  respect  of  AC^^,  P  is  very  smalL 

76]  Remarks.  K  UF  was  not  undercharged,  it  is  certain 
that  AB  would  be  considerably  more  overcharged  near  the  cir- 
cumference of  the  circle  than  near  the  center ;  for  if  the  fluid  was 
spread  uniformly,  a  particle  placed  anywhere  at  a  distance  from 
the  center,  as  at  X,  would  be  repelled  with  considerably  more 
force  towards  the  circumference  tlian  it  would  towards  the  center. 
If  the  plates  are  very  near  together,  and,  consequently,  DF  nearly 
as  much  undercharged  as  A B  is  overcharged,  AB  will  still  be  more 
overcharged  near  the  circumference  than  near  the  center,  but  the 
difference  will  not  be  near  so  great  as  in  the  former  case:  for, 
let  XR  be  many  times  greater  than  CE,  and  XS  less  than  CE\ 
and  take  Er  and  Es  equal  to  CR  and  CS,  there  can  be  no  doubt, 
I  think,  but  that  the  deficient  fluid  in  DF  will  be  lodged  nearly 
in  the  same  maimer  as  the  redundant  fluid  in  AB;  and  therefore, 
the  repulsion  of  the  redundant  fluid  at  i?,  on  a  particle  at  N,  vill 
be  very  nearly  balanced  by  the  attraction  of  the  redundant  matter 
at  r,  for  R  is  not  much  nearer  to  N  than  r  is  ;  but  the  repulriott 
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of  S  will  not  be  near  balanced  by  that  of  s;  for  the  distance  of  S 

from  K  is  much  less  than  that  of  a.     Let  now  a  small  circle,  whosi.- 

diameter  is  BT,  be  drawn  round  the  center  if,  on  the  plane  of 

the  plate ;  as  the  deositj  of  tho  fluid  is  greater  at  T  than  at  S, 

the  repulsion  of  the  redundant  fluid  within  the  small  circle  tends 

to  impel  the  point  jV  towards  C;  but  as  there  is  a  much  greater 

quantity  of  liuid  between  N  and  B,  than  between  X"  and  A,  the 

repulsion  of  the  fluid  without  the  small  circle  len<b  to  balance 

that;  but  the  effect  of  the  fluid  within  the  small  circle  is  not 

much  less  than  it  would  bo,  if  DF  was  not  undercharged ;  whereas 

much  the  greater  part  of  the  eS'ect  of  that  part  of  the  plate  on 

the  outside  of  the  circle,  is  taken  off  by  the  eflect  of  the  corre- 

spuuding  part  of  DF:  consequently,  the  differL'nce  of  density  be- 

I     tween  T  and  S  will  not  be  near  so  great  as  if  DF  was  not  under- 

I     charged.     Hence  I  should  imagine,  that  if  the  two  plates  are  very 

I    neu  together,  the  density  of  the  redundant  fluid  near  the  center 

^^wili  not  be  much  less  than  the  mean  density,  or  S  will  not  be 

^^Aiuch  less  than  1 ;  moreover,  the  less  the  distance  of  the  plates, 

^B&e  nearer  will  &  approach  to  1. 

■       77]     Cob.  II.     Let  now  tie  body  H  consist  of  a  circular  plate, 

^L  of  the  same  size  as  AB,  placed  so,  that  the  canal  CO  shall  pass 

^LAmugh   its  center,  and  be  perpendicular  to  its  plane;    by  the 

^Mappusition,  the  force  with  which  H  repels  the  fluid  in  the  canal 

^BP[7,  is  tho  same  with  which  a  quantity  of  fluid,  equal  to  B,  spread 

^BniEiinnly  over  AB,  would  repel  it  in  the  contrary  direction  :  there- 

^Hbe,  if  the  fluid  in  the  plate  H  was  spread  uniformly,  the  quantity 

^Hlf  redundant  fluid  therein  would  he  B,  and  if  it  was  all  collected 

^^H.  ^B 

^^W  the  circumference,  would   be   ^ — ;  and   therefore   the   real 

^B^                                                                             ^B 
^HtttuUty  will  be  greater  than  B,  and  less  than  ^ . 

^H     78]     Coa.  Ill,     Therefore,  if  wo  suppose  B  to  be  equal  to  1, 
^Httw  quantity  of  redundant  fluid  in  AB  will  exceed  that  in  the 

^H^lUe  H,  m  a  greater  ratio  than  that  of  ^^^      x  — r  -  to  1,  and 
^Btethon  that  of   rrj-l      x  =  to  1 ;  .ind  from  the  preceding  remark'* 
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-■'  ^rT-^-^'  "— '  ■--  ^-"    .-..:^- —    -'  r-iTZ-Iiz.-:  ri: :  in  AB  can 

""  _  1-   -         ^-1  -    r  M-  -_r  ^-. .  i~:r>:"::  i.  ii.-i  repulsion 

-•  r.----  -  ^-  -_'  -.....--  -  -_-  _---z.'T  :1-  rr-in-iaiit  fliiiil 
-1  -i^-  •■.;. •-.-!_  :  ■  >  -  -^  -  I  Tr._  ri.-r-ri  tLai  in  the 
;--.    -=     -1   .   -----   --.      -^    — -     :  J,-:  :..   4'.£".  and  less 

•'.        .  :  2-  ^      Lt*  I  IT  v_-   :• 'if  -E"  :•  L.»if*:    :"  a  i:i.>be.  whose 
:-i^T--r  -:_.-•  ^J     ■_  -  j    V   >t-i^  -:*  i^:^:  :-   ? .:.  L  a  manner, 

*i-i"  '--     •-•- -     :      i*:j---:.  -yr .  1, :  :iis?  :lr  ijli  its  center; 

L1-:  _-'.  "_-  -.-"T.  --"T-P '1  c  _z:  r-- -Iri  :.  :»r  iLVvrsiirlv  as  the 
"...rr  :  -_-  —''.--  '--  . -i^r-j  :  rr::r.:jc:  dui^l  in  the 
.'.  '■•r  ■="_  -  i~  :;■_-£_:  "«".'.  Tn-  fT  r-:  i : -i-i:  •n;i!y  over  the 
i-.r:^.-  :  "L-  ..  >  —'.  .'^  r-.'^  :">:  -  .:l  :l-r  c;iiiJ  will  be  the 
f.-.'_r  -•  _:"  .*  "=":.?  ..-  .  -  ■ "  •:  '.-  '_r  .>-:-?  f  thr  *jihere,  ami 
•="__  ""-T:r:  Tt  '■•-  ":.  ^i:i-t  "t-.-.I  s'l,:l  a-  -.i:*!  'riant ity.  Jisjwsed 
-jL  '.Ir  ;._'. -Z-frrrL/r  :  -iJ  T  il :  rT:»rl  IT  11.  the  o.»ntran*  di- 
r-:*:*::i      r  "=^'"1  *^L: .1  1;^*  *-l-.":    ;*:.u.:iTT.  .:r  B.  w.miIJ  repel  it, 

*^r  •.  J:,  VI.  T..-r  :  r-.  ::  c  ^:^^  •-.*::il  :••  1.  the  redundant 
n :: :  i-  -i/^  ~  -- i  -ri-T-r:  :!*:  i::  :1:  «*1  r-r.  in  the  ratio  of -4C 
•.-..  4 ''■£":  '.:. :  ":.  '  :  :"  -'  ~---  --  r.  /-::_v  r.-x-.^— i  :h\t  in  the  globe, 
•'     ^   r.-:.-r   ^.  .v:   r.-i     '.'s.ii.  'l:.'     :  A^'  i-..   4r£';  but  if  the 


« -- 


yOi"---   \T-  **:rv  :.-  ir  :  j":*:.Tr.  ::  "^iV.  at •]  r  .wh  vvr^^  near  thereto, 
;.,  ;  .; ..  .-  ...^-. :  -;.-  :  . ,-.  i  -.rv.  :':.r  :.-.  .ir-T  ::  wiil  aiairt»a*.*h  thereta 

<*•>■  (".  pR  VII.  \\".- "J.-.T  :!-r  -r'.-.vTlo  rvi'".i<i-»n  is  inversclv 
;i.T  t},.:  .-.ji:;r-:  •!  "iiv  "ii^t-i:- -rr  or  ii.»:.  il"  the  l»«nly  //  is  as  much 
tjri'l*.r-h.'»rjvi.  •"»'  i'  '^'^"-•'^  ---•  r-  .:'Vvr'/:.:irj'.'l.  -4/*  will  be  as  niiich 
ijr»'l'.rrli:«r^"-d    Jt-^    i*    ^^-^^   V- f-'r».-  i;.v.rr«li:ir^'td,  and    DF  as  much 

Hti  <'f)\i,  VIII.  If  tlie  <\z:'  iiu«l  distance  of  the  plates  be 
;i|t«-pd,  thi;  r|ii:iiitiTy  <«f  r».«lui:«hait  or  dLtiii<.iit  fluid  in  the  body  tf 
r«-ni;iinirij/  tli"  s;iiin-.  it  ajtpiar-i.  by  o»niiiarin«;  this  propctsition  with 
lli<:  20th  and  21.st  pn;ii*)siti«^ns,  that  thu  quantity  of  redundant  and 

(l.-firi^iit  fluid  in  ATi  will  \)e  as  J  6""*  x  ^,-     ,  or  as  ^^,i--;,  suP" 

\nm\u'j^  tin:  valiio  of  S  to  remain  the  same*. 

[•  Note  4.] 
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84]    Prop.  XXIII.    Let  AE  (Fig.  1.5)  bo  e 

iifinitely  continued  beyond  E;  and  let  AF  be 

i  bent  canal,  meeting  the  otlier  at  A,  aud  in- 

initely  continued  beyond  F:  let  tlie  section  of 

Uiis  canal,  m  nU  parts  of  it,  bo  equal  to  tbat 

tbe  cylindric  canal,  and  let  both  caoals  bo  filled 

with  uniform  fluid  of  the  same  density :  the  force 

Tfith  which  a  particle  of  fluid  P,  placed  anywhere 
at  pleasure,  repels  the  whole  quantity  of  fluid 
in  AF,  in  the  direction  of  the  canal,  is  the  same 
Titli  which  it  repels  the  fluid  in  the  canal  AE, 
in  tbe  direction  AE. 

On  the  center  P,  draw  two  circular  arches  BD  and  bd,  infi- 
nitely near  to  each  other,  cutting  AE  in  B  and  ^,  and  AF 
in  D  and  S,  an<l  draw  the  radii  Pb  and  Pd.  Aa  PB  =  PD,  the 
fime  with  which  P  repels  a  particle  at  B,  in  the  direction  Bff, 
is  to  that  with  which  it  repels  an  equal  particle  at, 2),  in  tbe 

direction  DS,  as  r,a  to  ^r» ,  or  as  -57,  f«  -=7= ;  and  therefore,  the 
iSfJ        Ho  lifS        I/O 

force  with  which  it  repcla  tho  whole  fluid  in  B^,  in  the  direction 

BA  is  the  same  with  which  it  repels  the  whole  fluid  in  DZ,  in  the 

direction  Z)S,  that  is  in  the  directioa  of  the  canal;  and  therefore, 

tile  force  with  which  it  repels   the  whole  fluid  in  AE,   in   the 

direction  AE,  is  the  same  with  which  it  repels  the  whole  fluid 

m  AF,  in  the  direction  of  the  canal. 

85]     Cor.     If  the  bent  canal  ADF,  instead  of  being  infinitely 
wniinued,    meets   the   cylindric  canal   \n  E,  as   in       p.    ^g 
Fig.  16,  the  repulsion  of  P  on  the  fluid  in  the  bent      n 
canal  ADE,  in  the  direction  of  the  canal,  will  still 
be  equal   to  its  repulsion  on  that  in  the  cylindric 
Ooal  AE,  in  the  direction  AE. 

Sfi]  Prop.  XXIV.  If  two  bodies,  for  instance 
the  plat«  AB,  and  the  body  H,  of  Prop.  XXII.  com- 
municate with  each  other,  by  a  canal  filled  with 
"iKinipreiiflible  fluid,  and  are  either  over  or  under- 

%vA,  the  quantity  of  redundant  fluid  in  them  will  bear  the 
6  proportion  to  each  other,  whether  the  canal  by  which  they 
■Quujcate  is  straight  or  crooked,  or  into  whatever  part  of  the 
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bodies  the  canal  is  inserted,  or  in  whatever  manner  the  two  bodies 
are  situated  in  respect  of  each  other ;  provided  that  their  distance 
is  infinite,  or  so  great  that  the  repulsion  of  each  body  on  the  fluid 
in  the  canal  shall  not  be  sensibly  less  than  if  it  was  infinite. 

Let  the  parallelograms  AB  and  DF  (Fig.  17)  represent  the 
two  plates,  and  H  and  L  the  bodies  communicating  with  them : 


^ 


let  now  II  be  removed  to  h ;  and  let  it  communicate  with  AB 
by  the  bent  canal  gc ;  the  quantity  of  fluid  in  the  plates  and 
bodies  remaining  the  same  as  before ;  and  let  us,  for  the  sake  oi 
ease  in  the  demonstration,  suppose  the  canal  ^rc  to  be  everywhere 
of  the  same  thickness  as  the  canal  GC\  though  the  proposition 
will  evidently  hold  good  equally,  whether  it  is  or  not :  the  fluid 
will  still  be  in  equilibrio.  For  let  us  first  suppose  the  canal  go 
to  be  continued  through  the  substance  of  the  plate  AB^  to  (7, 
along  the  line  crC\  the  part  crC  being  of  the  same  thickness  as 
the  rest  of  the  canal,  and  the  fluid  in  it  of  the  same  density :  by 
the  preceding  proposition,  the  repulsion  or  attraction  of  eadi 
particle  of  fluid  or  matter  in  the  plates  AB  and  DF,  on  the  fluid 
in  the  whole  canal  C^^cg,  in  the  direction  of  that  canal,  is  equal 
to  its  repulsion  or  attraction  on  the  fluid  in  the  canal  C(?,  in  the 
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lion  CO;  and  therefore  the  whole  repiilaioi]  or  attraction  of 
;  two  plates  on  the  canal  Crcg,  is  equal  to  tbeir  repulsion  or 
a  CG '.  but  as  the  fluid  in  the  plate  AB  is  iu  equilibrio, 
I  particle  of  fluid  in  the  part  Crc  of  the  canal  is  impelled  by 
:  plates  witti  as  much  force  in  cue  direi^tion  as  the  other;  and 
Minenttj  the  pLites  impel  the  fluid  in  the  canal  eg  with  as 
icli  fiiFce  as  they  do  that  in  the  whole  canal  Ci-cg,  that  is,  willi 
Ifae  same  force  that  they  impel  ihe  fluid  in  CG.  In  like  manner 
the  body  A  impels  the  fluid  in  eg  with  the  same  force  that  H  does 
the  fluid  in  CO;  and  consequently  A  impels  the  fluid  in  cj  one 
wny  in  the  direction  of  the  canal,  with  the  same  force  that  the  two 
plates  impel  it  the  contrary  way;  and  therefore  the  fluid  in  eg 
has  no  tendency  to  flow  from  one  body  to  the  other. 

87]  Cor.  By  the  same  method  of  reasoning,  with  the  help 
of  the  oorullary  to  the  23rd  proposition,  it  appears,  that  if  AB 
and  H  each  communicate  with  a  third  body  by  canals  of  incom- 
pressible fluid,  and  a  communication  is  made  between  AB  and  H 
by  another  canal  of  incompressible  fluid,  the  fluid  will  have  no 
(endoncy  to  flow  from  one  to  the  other  through  this  canal ;  sup- 
that  the  fluid  was  in  equilibriu  before  this  communication 

i  mado.  In  hke  manner  if  AB  and  H  communicate  with  each 
or  each  communicate  with  a  third  body,  by  canals  of  real 
instead  of  the  imaginary  canals  of  incompressible  fluid 
used  iu  these  propositions,  and  a  cunmiuuicatiun  is  also  made 
between  them  by  a  canal  of  m compressible  fluid,  the  fluid  can 
have  no  tendency  to  flow  from  one  to  the  other.  The  truth  of  the 
latter  part  of  this  corollary  will  appear  by  supposing  an  imaginary 
anal  of  incompressible  fluid  to  be  continued  through  the  whole 
length  of  the  real  one. 

88]     Prop.  XXV.     Let  now   a  communication  be  made  be- 
I  the  two  plates  AB  and  DF,  by  the  canal  NRS  of  incora- 
rible  fluid,  of  any  length ;  and  let  the  body  H  and  the  plate 
)  overcharged.     It  is  plain  that  the  fluid  will  flow  through 
;  canal  from  AD  to  DF.     Now  the  whole  force  with  which 
uid  in  the  canal  is  impelled  along  it   by  the  joiut  action 
I  lA  the  two  plates  ia  the  same  with  which  the  whole  quantity  of 
1  the  canal  CG  or  eg  is  impelled  by  them ;  supposing  the 
I  NB.8  to  be  everywhere  of  the  same  breadth  and  thickness 
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F-.r  s.:i-i.»:«=n:  tlj*.  "^-r  oaii^  -Vfi^,  instead  of  communicating 
wii  ti.^  yi^-'c  I»F.  ii  ben:  back  just  before  it  touches  it,  and  con- 
tiiiu^-»i  irr:  -'.tIt  il:y^  tLe  line  S«:  the  force  with  which  the  two 
piatirs  ii^ltI  il-r  d:;-i  in  .S#.  is  the  same  with  which  they  impel 
tha:  in  EL.  5"rr->:i.j  &  :•:•  l^r  of  the  same  breadth  and  thickness 
as  EL  :  ai::  is  :'...-rr:.-rr  nothing:  therefore  the  force  with  which 
they  iii'T-rl  :L.  r. ::  I  :r.  JTfiS'.  is  the  same  with  which  they  impel 
that   in  SK  >? ;   wLi-.L  is  the  same  with  which  they  impel  that 

m  (  '.r. 


S'J^  Pi;op.  XXVL  Let  now  jpyj  [Fig.  17]  be  a  body  of  an  in- 
tinite  size,  cvrntaining  just  fluid  enough  to  saturate  it;  and  let  a 
iMnimimiv.*;it!«.'n  be  made  between  A  and  xyz,  by  the  canal  hy  of 
incompressible  fluid,  of  the  5;ime  breadth  and  thickness  as  gc  or 
GC ;  the  fluid  will  flow  through  it  from  h  to  xyz ;  and  the  force 
with  which  the  fluid  in  that  canal  is  impelled  along  it,  is  equal 
to  that  i»-ith  which  the  fluid  in  XBS  is  impelled  by  the  two  plates. 

If  the  canal  Ay  is  of  so  great   a  length,  that  the  repulsion 
of  A  thereon  is  the  same  as  if  it  was  continued  infinitely,  then  the 
thing  is  evident :  but  if  it  is  not,  let  the  canal  Ay,  instead  of  com- 
numicating  with  jyr,  so  that  the  fluid  can  flow  out  of  the  canal 
into  xyZj  be  continued  infinitely  through  its  substance,  along  the 
line  yi' :  now  it  must  be  obsened  that  a  small  part  of  the  body 
X1/Z,  namely,  that  which  is  turned  towards  A,  will  by  the  action 
of  A  upon  it,  be  rendered  undercharged ;  but  all  the  rest  of  the 
body  will  bo  saturated ;   for  the  fluid  driven  out  of  the  under- 
chargeil   part  will   not   make   the  remainder,   which  is  supposed 
to  bo  of  an  infinite  size,  sensibly  overcharged :  now  the  force  with 
which  the  fluid  in  the  infinite  canal  Ayt'  is  impelled  by  the  body  A 
and  the  undercharged  i)art  of  xi/z,  is  the  same  with  which  the  fluid 
in  jc  is  impelled  by  them  ;  but  as  the  fluid  in  all  parts  of  xyt 
is  in  e([uilibrio,  a  particle  in  any  part  of  yv  cannot  be  impelled 
in  any  direction ;  and  therefore  the  fluid  in  Ay  is  impelled  with  aa 
much  force  as  that  in  hyv]  and  therefore  the  fluid  in  Ay  is  im- 
pelled with  as  much  force  as  that  in  gc  ;  and  is  therefore  impelled 
with  as  niuch  force  as  the  fluid  in  NRS  is  impelled  by  the  two 
plates. 

J)()]  It  i>erhaps  may  be  asked,  whether  this  method  of  demon- 
stration wimld  not  eijually  tend  to  prove  that  the  fluid  in  Ay  was 
ini^x'lJed  with  the  same  force  as  that  in  NMS,  though  xyz  did  not 


CiSAL   OF   HEAL   FLriD.  41 

1  just  fluid  enough  to  saturate  it.     I  answer  not ;  for  this 

stratiou  dcpemls  on  the  canal  yv  being  continued,  witbin 

■  xgt,  to  an  infinite  distance  beyond  any  over  or  under- 

1  part ;  wliicb  could  not  be  if  leyg  contained  either  more  or 

1  tbiit ". 

Pbop.  XXVII,     Let  two  bodies  S  and  b  (Fig.  13)  be 

I  by  a  cylindric  or  prismatic  canal  Aa.  filled  w-ilh  real  fluid  ; 

:  by  any  imaginary  canal  of  incompressible  fluid  as  in  tbe 

SOth  proposition ;  and  let  the  fluid  therein  be  in  equilibrio  :  tbi* 
forw  with  which  the  whole  or  any  given  part  of  the  fluiil  in  the 
1  impelled  in  the  direction  of  ila  axis  by  the  unitwl  re- 
tons  and  atlnMrtiom  of  the  redundant  fluid  or  matter  in  the 
\  bodies  and  the  canal,  must  be  uothii^;  or  the  force  with 
it  is  impelled  one  way  in  the  direction  of  the  axis  of  the 
1,  must  be  equal  to  that  with  which  it  is  impelled  the  other  way. 
!Por  as  the  canal  is  supposed  cylindric  or  prismatic,  do  particle 
uid  therein  can  be  prevented  from  moving  in  the  direction  of 
the  axis  of  it,  by  the  sides  of  the  canal ;  and  therefore  tlie  force 
•jth  which  each  particle  is  impelled  either  way  in  the  direction 
of  the  axis,  by  the  united  attractions  and  repulsions  of  the  two 
bodies  ami  the  canal,  must  bo  nothing,  otherwise  it  could  not  be 
J M  rest;  and  therefore  the  force  with  which  the  whole,  or  any 
1  part  of  the  fluid  in  the  canal,  is  impelled  in  the  direction 
e  axis,  must  be  nothing. 
FSS]  Cor.  L  If  the  fluid  in  the  caual  is  disposed  in  such  manner. 
It  the  repulsion  or  attraction  of  the  redundant  fluid  or  matter 
in  it.  on  the  whole  or  any  given  part  of  the  fluid  in  the  canal,  has  no 
'  to  impel  it  either  way  in  the  direction  of  the  axis ;  then 
i  with  which  that  whole  or  given  part  is  impelled  by  the 
■  botlies  must  be  nothing ;  or  the  force  with  which  it  is  im- 
1  one  way  in  the  direction  of  the  axb,  by  the  body  B,  munt 
^ual  to  that  with  which  it  is  impelled  in  the  contrary  direc- 
'  the  other  body ;  but  not  if  the  fluid  in  the  canal  is  dis- 
D  a  different  manner. 
IS]  Coa.  n.  If  the  bodies,  and  consequently  the  canal,  is 
jiarged ;  then,  in  whatever  manner  the  fluid  in  the  canal 
Bed.  the  force  with  which  the  whole  quantity  of  redundant 
i;  canal  is  repelled  by  the  body  B  in  the  direction  Aa, 
[•  tiots  5.] 
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must  be  equal  to  that  with  which  it  is  repelled  by  J  in  the  < 
trary  direction.  For  the  force  with  which  the  redundant  flui- 
impelled  in  the  direction  -4  a  by  its  own  repulsion,  is  nothi 
for  the  repulsions  of  the  particles  of  any  body  on  each  other  I 
no  tendency  to  make  the  whole  body  move  in  any  direction, 

94]  Remarks.  When  I  first  thought  of  the  20th  and  2 
propositions,  I  imagined  that  when  two  bodies  were  connectec 
a  cylindric  canal  of  real  fluid,  the  repulsion  of  one  body  on 
whole  quantity  of  fluid  in  the  canal,  in  one  direction,  would 
equal  to  that  of  the  other  body  on  it  in  the  contrary  directioc 
whatever  manner  the  fluid  was  disposed  in  the  canal;  and  1 
therefore  those  propositions  would  have  held  good  very  nea 
though  the  bodies  were  joined  by  cylindric  canals  of  real  fli 
provided  the  bodies  were  so  little  over  or  undercharged,  that 
quantity  of  redundant  or  deficient  fluid  in  the  canal  should  be  \ 
small  in  respect  of  the  quantity  required  to  saturate  it ;  and  c 
sequently  that  the  fluid  therein  should  be  very  nearly  of  the  sa 
density  in  all  parts.  But  fi:om  the  foregoing  proposition  it  appe 
that  I  was  mistaken,  and  that  the  repulsion  of  one  body  on 
fluid  in  the  canal  is  not  equal  to  that  of  the  other  body  oii 
unless  the  fluid  in  the  canal  is  disposed  in  a  particular  mann 
besides  that,  when  two  bodies  are  both  joined  by  a  real  canal,  1 
attraction  or  repulsion  of  the  redundant  matter  or  fluid  in  1 
canal  has  some  tendency  to  alter  the  disposition  of  the  fli 
in  the  two  bodies ;  and  in  the  22nd  proposition,  the  canal  i 
exerts  also  some  attraction  or  repulsion  on  the  canal  EM:  on 
which  accounts  the  demonstration  of  those  propositions  is  defect! 
when  the  bodies  are  joined  by  real  canals.  I  have  good  reai 
however  to  think,  that  those  propositions  actually  hold  good  v» 
nearly  when  the  bodies  are  joined  by  real  canals;  and  tl 
whether  the  canals  are  straight  or  crooked,  or  in  whatever 
rection  the  bodies  are  situated  in  respect  of  each  other :  thoug 
am  by  no  means  able  to  prove  that  they  do :  I  therefore  ch 
still  to  retain  those  propositions,  but  to  demonstrate  them  on  1 
ideal  supposition,  in  which  they  are  certainly  true,  in  hopes  t 
some  more  skilful  mathematician  may  be  able  to  shew  whet 
they  really  hold  good  or  not.     [See  Note  3.] 

95]     What  principally  makes  me  think  that  this  is  Uie  c 
is  that  as  far  as  I  can  judge  from  some  experiments  I  have  mai 

[*  Exp,  ra.,  Art.  265.] 
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le  quantity  of  fluid  in  different  bodies  agrees  very  well  witli  tliosu 
Tupositions,  on  a  supposition  that  the  electric  repulsion  is  iu- 
erady  as  the  square  of  the  distance.  It  should  also  siiem  from 
htse  t!xperiiuents,  that  the  quantity  of  redundant  or  deficient 
hiid  in  two  bodies  bore  very  nearly  the  same  proportion  to  each 
Apt,  whatever  is  the  shape  of  the  canal  by  which  they  are  joined, 
■k  whatever  direction  they  are  situated  in  respect  of  each  other. 
BM]  Though  the  above  propositions  should  be  found  not  to  hold 
pod  when  the  bodies  are  joined  by  real  canals,  still  it  is  eviilent, 
that  in  the  22nd  proposition,  if  the  plates  AB  and  DF  are  very 
near  t<^thcT,  the  quantity  of  redundant  fluid  in  the  plate  AB 
will  be  many  times  greater  than  that  in  the  body  H,  supposing 
B  to  consist  of  a  circular  plate  of  the  same  size  as  AB,  and  DF 
:«iUbe  near  as  much  undercharged  as  AB  is  overcharged, 

KSir  Isaac  Newton  supposes  that  air  consists  of  particles 
repel  each  other  with  a  force  inversely  as  the  distance  :  but 
ars  plainly  from  the  foregoing  pages,  that  if  the  repulsion 
If  the  particles  was  in  this  ratio ;  and  extended  indefinitely  to 
lU  <!i«tances,  they  would  compose  a  fluid  extremely  different  from 
oomnion  air.  If  the  repulsion  of  the  particles  was  inversely  as 
(he  tlistance,  but  exteuded  only  to  a  given  very  small  distance 
from  their  centers,  they  would  compose  a  fluid  of  the  same  kind 
u  ur,  in  respect  of  elasticity,  except  that  its  density  would  not  be 
in  proportion  to  its  compression :  if  the  distance  to  which  the 
npukion  extends,  though  very  small,  is  yet  many  times  greater 
Uan  tlie  distance  of  the  particles  from  each  other,  it  might  be 
dewn,  that  the  density  of  the  fluid  would  be  nearly  as  the  square 
root  of  the  compression.  If  the  repulsion  of  the  particles  extended 
mdetinitely,  and  was  inversely  as  some  higher  power  of  the  dis- 
Unce  than  the  cube,  the  density  of  the  fluid  would  be  as  some 
fewer  of  the  compression  less  than  g.  The  only  law  of  repulsion, 
I  can  think  of,  which  will  agree  with  experiment,  is  one  which 
wems  not  very  likely ;  namely,  that  the  particles  repel  each  other 
titfa  A  force  inversely  as  the  distance;  but  that,  whether  the 
louity  of  the  fluid  is  great  or  small,  the  repulsion  extends  only 
ft  the  nearest  particles :  or,  what  comes  to  the  same  thing,  that 
bo  tltstance  to  which  the  repulsion  extends,  is  very  small,  and 
1  not  fixed,  but  vaiies  in  proportion  to  the  distance  of  the 


PART    II. 

CONTAINING    A    COMPARISON    OF    THE    FOREGOING 

THEORY  WITH  EXPERIMENT. 

98]  §  1.  It  appears  from  experiment,  that  some  bodiet 
sufifer  the  electric  fluid  to  pass  with  great  readiness  between  thei 
pores ;  while  others  will  not  sufifer  it  to  do  so  without  great  diflBi 
culty;  and  some  hardly  sufifer  it  to  do  so  at  alL  The  first  sor 
of  bodies  are  called  conductors,  the  others  non-conducton 
What  this  difiference  in  bodies  is  owing  to  I  do  not  pretend  t< 
explain. 

It  is  evident  that  the  electric  fluid  in  conductors  may  be  con 
sidered  as  moveable,  or  answers  to  the  definition  given  of  tha 
term  in  page  6.  As  to  the  fluid  contained  in  non-conductin{ 
substances,  though  it  does  not  absolutely  answer  to  the  definitioi 
of  immoveable,  as  it  is  not  absolutely  confined  from  moving,  bu 
only  does  so  with  great  difliculty;  yet  it  may  in  most  cases  b 
looked  upon  as  such  without  sensible  error. 

99]  Air  does  in  some  measure  permit  the  electric  fluid  to  pasi 
through  it ;  though,  if  it  is  dry,  it  lets  it  pass  but  very  slowly 
and  not  without  difliculty;  it  is  therefore  to  be  called  a  non 
conductor. 

It  appears  that  conductors  would  readily  sufifer  the  fluid  t< 
run  in  and  out  of  them,  were  it  not  for  the  air  which  surroundi 
them  :  for  if  the  end  of  a  conductor  is  inserted  into  a  vacuum 
the  fluid  runs  in  and  out  of  it  with  perfect  readiness ;  but  when 
it  is  surrounded  on  all  sides  by  the  air,  as  no  fluid  can  run  ovA 
of  it  without  running  into  the  air,  the  fluid  will  not  do  so  withoai 
difiiculty. 

100]  If  any  body  is  surrounded  on  all  sides  by  the  air,  or  othe 
non-conducting  substances,  it  is  said  to  be  insulated :  if  on  th 


103]  posrrn'K  axd  xecative  electrification.  i'> 

iotlier  band  it  anywhere  commiinicatea  with  any  conducting  body. 
H  Ja  said  to  be  not  inaulatpd.  Wheu  I  say  that  a  bi)dy  curnmuni- 
ICKtei  with  th«  ground,  or  any  otlier  body,  I  would  be  understood 
to  mean  that  it  does  so  by  some  conducting  substivnce. 

101]     ITiough  the  terms  positively  and  negatively  electrifieil 

are  much  used,  yet  the  precise  sense  in  which  they  are  to  be 

imdeTstood  aeems  uol  well  ascertained ;   namely,  whether  they  are 

1  to  be  understood  in  the  same  sense  in  which  I  have  used  the  words 

over  or  undercharged,  or  whether,  when  any  number  of  bodies, 

t  insulated  an<I  commuuicatuig  with  each  other  by  conducting  sub- 

(,  are  electrified  by  means  of  excited  glass,  they  are  all  to 

I  be  culled  positively  electrified  (supposing,  according  to  the  usual 

I  ^liuiou,  that  excited  glass  contains  more  than  its  natural  quantity 

f  electricity) ;  even  though  some  of  them,  by  the  approach  of  a 

r  electrified  body,  are  made  undercharged.     I  shall  use  the 

1  the  latter  sense;  but  as  it  will  be  proper  to  ascertain  the 

e  in  which  I  shall  use  thera  more  accurately,  I  shall  give  tho 

lowing  definition. 

1 102]     In  order  to  judge  whether  any  body,  as  J,  is  positively 

jatively  electrified :  suppose  another  body  B,  of  a  given  shape 

■  that,  to  be  plac^  at  an  infinite  distance  from  it,  and  from  any 

r  over  or  undercharged  body ;    and  let  B  contain  the  same 

ntity  of  electric  fluid  as  if  it  communicated  with  A  by  a  canal 

compressible  fluid :  then,  if  B  is  overcharged,  I  call  A  posi- 

ply  electrified ;  and  if  it  is  undercharged,  I  call  A   negatively 

ified ;  and   the  greater   the  degree  in  which  B  is  over  or 

iharged,  the  greater  is  the  degree  in  which  A  is  positively  or 

itively  electrified, 

103J    It  appears  from  the  corollary  to  the  24'th  proposition, 

t  if  several  bodies  are  insulated,  and  connected  together  by 

ihlctiug  subst^ances,  and  one  of  these  bodies  is  positively  or 

tively  electi'ified,  all  the  other  bodies  must  be  electrified  in 

•  degree :  for  supposing  a  given  body  B  t«  be  placed  ut  an 

nite  distance  from  any  over  or  undercharged  body,  and  to  con- 

D  the  same  quantity  of  fluid  as  if  it  communicated  with  one  of 

e  bodies  by  a  canal  of  incompressible  fluid,  all  the  rest  of  those 

s  most  by  that  corollary  contain  the  same  quantity  of  fluid  as 

rcominunicatefi  with  B  by  canals  of  incompressible  fluid  : 
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bat  vet  it  Ls  r-i-s^ibl-:'  that  stjme  of  those  bodies  mav  be  over- 
charg^Enl.  anil  oth»rre  underehargeti :  for  suppose  the  bodies  to  be 
p-jftitively  f:\r:czTiS.^i,  an«l  let  an  overcharged  body  D  be  brought 
near  one  of  them.  tLit  l»ly  will  beome  undercharged,  pro\'ided 
D  is  sufficient!  V  overoharjre'l :  and  vet  bv  the  definition  it  wiD  still 
be  p>>itiv-!y  el'^trifi'>«i  in  the  same  degree  as  before. 

iloretjver,  if  several  b«>lies  are  insulated  and  connected  to- 
jrether  bv  ojuduotinir  substance?,  and  one  of  these  bodies  is  electri- 
fied  by  excite*!  gla.s>.  there  can  be  no  doubt,  I  think,  but  what  they 
will  all  be  p.»?itively  electrifit^l :  fir  if  there  is  no  other  over  or 
underchurgeil  b>ly  placet!  near  any  of  these  bodies,  the  thing  is 
evident ;  and  though  sijme  of  these  bi>lies  may,  by  the  approach  of 
a  sufficiently  ovtrrchargei.1  Ixxiy,  be  rendered  undercharged ;  yet  I 
do  not  see  how  it  is  p^sc^ible  to  prevent  a  body  placed  at  an  infinite 
distance,  and  communicating  ^-ith  them  by  a  canal  of  incompressi- 
ble fluid,  from  being  overcharged. 

In  like  manner  if  one  of  these  bodies  is  electrified  by  excited 
sealing  wax,  they  will  all  be  negatively  electrified  *. 

104]  It  is  impossible  for  any  body  communicating  with  the 
ground  to  bo  either  positively  or  negatively  electrified :  for  the 
earth,  taking  the  whole  together,  contains  just  fluid  enough  to 
saturate  it,  and  consists  in  general  of  conducting  substances;  and 
conse<piently  though  it  is  possible  for  small  parts  of  the  surface  of 
the  earth  to  be  rendered  over  or  undercharged,  by  the  approach  of 
electrified  clouds  or  other  causes ;  yet  the  bulk  of  the  eiirth,  and 
especially  the  interior  parts,  must  be  saturated  with  electricity. 
Therefore  assume  any  part  of  the  earth  which  is  itself  saturated, 
and  is  at  a  great  distance  from  any  over  or  undercharged  part ; 
any  body  communicating  with  the  ground,  contains  as  much  elec- 
tricity as  if  it  communicated  with  this  part  by  a  canal  of  incom- 
pressible fluid,  and  therefore  is  not  at  all  electrified. 

105]  If  any  body  A,  insulatetl  and  saturated  with  electricity, 
is  i)lace(l  at  a  great  distance  from  any  over  or  undercharged  body, 
it  is  ])lain  that  it  cannot  be  electrified ;  but  if  an  overcharged  body 
is  brought  near  it,  it  will  be  iK)sitively  electrified;  for  supposing^ 
to  coinnuinicate  with  any  body  2?,  at  an  infinite  distance,  by  a 
canal  of  incoTn])rcssible  fluid,  it  is  plain  that  unless  B  is  ovct- 
chargcMJ,  the  fluid  in  the  canal  could  not  be  in  equilibrio,  but  wouM 

[•  Note  7.] 
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t'  &om  A  to  B.  For  the  same  reason  a  body  insulated  and 
orated  with  fluid,  will  be  negatively  electrified  if  placed  near  an 
derchargetl  body. 

1063  §  2.  The  phienomena  of  the  attraction  and  repubion  of 
actxified  bodies  seem  to  agree  exactly  with  the  theory ;  as  will 
)pear  by  considering  the  following  cases. 

1073  Case  L  Let  two  bodies,  A  antl  B,  both  conductors  of 
lectricity,  and  both  placed  at  a  great  distance  from  any  other 
lectiiSed  bodies,  be*  brought  near  caoh  other,  het  A  be  in^iiikted, 
All  contnin  jiist  fluid  euough  to  saturate  it ;  and  let  B  be  posi- 
ivKly  electrified.  They  will  attract  each  other ;  for  aa  fi  is  poai- 
lirely  electrified,  and  at  a  great  distance  from  any  overcharged 
body,  it  will  be  overcharged ;  therefore,  on  approaching  A  and  B 
to  each  other,  some  fluid  will  be  driven  from  that  part  of  A  which 
noearest  to  jB  to  the  further  part:  but  when  the  fluid  in  A  was 
(p^aicl  aniformly,  the  repulsion  of  B  on  the  fluid  in  A  was  equal 
to  its  attraction  on  the  matter  therein;  therefore,  whea  sonic 
Bnid  Is  removed  from  those  parts  where  the  repulsion  of  B  is 
itnmg«st  to  those  where  it  is  weaker,  B  will  repel  the  fluid  in  A 
nth  less  force  tlmn  it  attracts  the  matter ;  and  consequently  the 
Indies  will  attract  each  other. 

108]  Cask  IT,  If  we  now  suppo,ie  that  the  fluid  is  at  liberty 
ll  escape  from  out  of  A,  if  it  has  any  dtspositinn  to  do  so,  the 
qauitity  of  fluid  in  it  before  the  appriMch  of  B  being  still  sufiicient 
to  saturate  it;  that  is,  if  .^  is  not  insulated  and  not  electrified,  B 
fausg  still  positively  electrified,  they  will  attract  vrith  more  force 
tiiao  before ;  for  in  this  case,  not  only  some  fluid  will  be  driven 
IrcnD  that  part  of  A  which  is  nearest  to  S  to  the  opposite  part,  but 
lim  some  fluid  will  he  driven  out  of  A. 

ll  must  be  observed,  tliat  if  the  repulsion  of  iJ  on  a  particle 
U  £,  (Fig.  10)  the  farthest  part  of  .^,  is 
Wfy  small  in  respect  of  its  repulsion  on 
tqaai  particle  placed  at  D,  the  nearest 
.,  tlie  two  bodies  will  attract  with 
rly  the  same  force,  whether  A  is 
I  or  not;  but  if  the  repulsion  of 
»  particle  at  E,  is  very  near  as  great 

i  at  D.  they  will  attract  with  verj-  little 
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insulated.  For  instance,  let  a  small  overcharged  ball  be  brought 
near  one  end  of  a  long  conductor  not  electrified ;  they  will  attract 
with  very  near  the  same  force,  whether  the  conductor  be  insulated 
or  not ;  but  if  the  conductor  be  overcharged,  and  brought  near  a 
small  unelectrified  ball,  they  will  not  attract  with  near  so  much 
force,  if  the  ball  is  insulated,  as  if  it  is  not. 

109]  Case  III.  If  we  now  suppose  that  A  is  negatively 
electrified,  and  not  insulated,  it  is  plain  that  they  will  attract  with 
more  force  than  in  the  last  case ;  as  A  will  be  still  more  under- 
charged in  this  case,  than  in  the  last. 

110]  N.B.  In  these  three  cases,  we  have  not  as  yet  taken 
notice  of  the  efifect  which  the  body  A  will  have  in  altering  the 
quantity  and  disposition  of  the  fluid  in  B;  but  in  reality  this  will 
make  the  bodies  attract  each  other  with  more  force  than  they 
would  otherwise  do ;  for  in  each  of  these  cases  the  body  A  attracts 
the  fluid  in  B;  which  will  cause  some  fluid  to  flow  from  the 
farther  parts  of  J5  to  the  nearer,  and  will  also  cause  some  fluid  to 
flow  into  it,  if  it  is  not  insulated,  and  will  consequently  cause  B  to 
act  upon  A  with  more  force  than  it  would  otherwise  do. 

Ill]  Cases  IV.  V.  VI.  Let  us  now  suppose  that  B  is  nega- 
tively electrified ;  and  let  A  be  insulated,  and  contain  just  fluid 
enough  to  saturate  it ;  they  will  attract  each  other ;  for  B  will  be 
undercharged ;  it  will  tlicrcfore  attract  the  fluid  in  A,  and  will  cause 
some  fluid  to  flow  from  the  farthest  j)art  of  A,  where  it  is  attracted 
with  less  force,  to  the  nearer  part,  where  it  is  attracted  with  more 
force  ;  so  that  B  will  attract  the  fluid  in  A  with  more  force  than  it 
repels  the  matter. 

If  A  is  now  supposed  to  be  not  insulated  and  not  electrified, 
B  being  still  negatively  electrified,  it  is  plain  that  they  will  attract 
with  more  force  than  in  the  last  case  :  and  if  A  is  positively  electri- 
fied, they  will  attract  with  still  more  force. 

In  these  three  last  cases  also,  the  effect  which  A  has  in  altering 
the  (juantity  and  disjwsition  of  the  fluid  in  B,  tends  to  increase  the 
force  with  which  the  two  bodies  attract. 

112]  Case  VII.  It  is  plain  that  a  non-conducting  body  satu- 
rated with  fluid,  is  not  at  all  attracted  or  repelled  by  an  oyer  or 
underchargeii  body,  until,  by  the  action  of  the  electrified  body  on 
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mhaa  eitbor  acquired  some  additional  fiuid  from  the  air,  or  had 
i  driven  out  of  it,  or  till  some  fluid  is  driven  &om  one  port  of 
tij  to  tlie  other. 

il3]  Case  YIII.  Let  us  now  suppose  that  the  two  bodies 
b<l  B  are  both  positively  electrified  in  the  same  degree.  It  is 
k,  that  were  it  not  for  the  action  of  one  body  on  the  other,  they 
1  buth  be  overcharged,  and  would  repel  each  other.  But  it 
h  perhaps  be  said,  that  one  of  them  as  A  may,  by  the  action  of 
■other  on  it,  be  either  rendered  undercharged  on  the  whole,  or 
may  be  rendered  undercharged  in  that  part  nearest  to  B ; 
I  tluit  the  attraction  of  this  undercharged  part  on  a  particle  of 
I  Soil]  in  S,  may  be  greater  than  the  repulsion  of  the  more 
ml  overcharged  part ;  so  that  on  the  whole  the  body  A  may 
t  &  particle  of  fluid  in  J5.  If  so,  it  must  be  affirmed  that  the 
f  B  repels  the  fluid  in  A  ;  for  otherwise,  that  part  of  A  which 
I  to  B  co\dd  not  be  rendered  undercharged.  Therefore,  to 
Ikte  this  objection,  let  the  bodies  be  joined  by  the  straight 
1  DC  of  incompressible  fluid  (Fig.  19).  The  body  B  will  repel 
e  Quid  ID  all  parts  of  this  canal ;  for  as  .^  is  supposed  to  attract 
t  fiuid  m  B,  B  will  not  only  ho  more  overcharged  than  it  would 
!  be,  but  it  will  also  be  more  overcharged  in  that  part 
;  to  A  than  in  the  opposite  part.  Moreover,  as  the  near 
^ercbarged  port  oi  A  is  supposed  to  attract  a  particle  of  fluid  in 
■iritb  more  force  than  the  more  distant  overcharged  part  repels 
;  it  must,  a  fortiori,  attract  a  particle  in  the  canal  with  more 
1  the  other  repels  it ;  therefore  the  body  A  must  attract 
a  the  canal;  and  consequently  some  fluid  must  flow  &om 
^bich  is  impossible;  for  as  A  and  B  arc  both  electrified  in 
B  degree,  they  contain  the  same  quantity  of  fluid  as  if  they 
I  oommunicated  with  a  third  body  at  an  infinite  distance,  by 
1  of  incompressible  fiuid ;  and  therefore,  by  the  corollary  to 
I.  24,  if  a  communication  is  made  between  them  by  a  canal  of 
nprcssible  fluid,  the  fluid  would  have  no  disposition  to  flow 

a  to  the  other. 

114]  Case  IX.  But  if  one  of  the  bodies  as  -Sl  is  positively 
electrified  in  a  less  degree  than  B,  then  it  is  possible  for  the  bodies 
to  attract  each  other;  for  in  this  case  the  force  with  which  B 
r«pelj9  the  fluid  in  A  may  be  so  great,  as  to  make  the  body  A 
either  hitirely  undercharged,  or  at  least  to  make  the  nearest  part 
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L  :siikz  A  sbiZ  c-a  eke  whole  attract  a 


-•*. 


vrrfi  rtnmrkm;!  ^^ttL  recir'i  to  this  case,  that  when 
:2.  --t^-TT— T»^t  -•ra-n-r-elj  tir:  Tincqaally,  attract  eadi 
'  ZY  ^:i^-''~^:i!r  "ifcHi  v:  i  z^'eaz^t  distance  from  each 
:riiir  .-i.isc  -.Jj=23.  j-  rrT:»rL :  5:r  is  "ir  ?x:cger  electrified  body 
r^T:»rLr  "Jiir  xii'i  III  "fie  TTriiifr  Tri.  less  firce  when  removed  to  a 
rr-ic-r  ii«\i;iu"^.  r:  mil  x«:r  ':e  liic  T'I  iriv^  =*:•  much  fluid  out  of  it, 
:r  zr.cL  ■Lie  ze.irrr  -^   ■ie  rir-ier  ran.  :i£  when  placed  at  a  less 


'1'^     r.i:53S  X.  \r\\  XL    Bj  rhz  sazne  reaB«>ning  it  appears, 
d.  '11*=  ttt:   :«.«iL'ij*  iri  rtidi  -•f-r^^'-rlv  electrified  in  the  same 

mm  m 

•i-fCTef.  ^7  ziLs:  TiceL  rA-h  iciffr:  be*  if  di-rv  are  both  negatively 
ile:'r"j£-f-i.  _:.  ii:5tr=ii*   irf^rriis.  :*:  is  r*:?5aroIe  tor  them  to  attract 


iTr  rXki^j  ccr:;r:zAOi.e  to  experiment. 

11*:*     Ca5Z  XTT.     Lc^  t«":  ccrk  bolls  be  suspended  by  oon- 

cn:'^.''.z  "iiTz-oiis  =•:•—  tii»r  sazi-e  jcsidv^Iy  electrified  body,  in  such 

!-v"-^  "-1^:  i:  "i-rj  ii-i  i:-  r=r^L  iey  would  hang  close  together: 

th-^j  will  c^iL  ze  rii/ully  cl-=ctri£cC.  and  will  repel  each  other:  let 

z,^:-s-  in  iTfr-'LikT^rvi  zoiv  zi:rf  f:r:c^Iv  electrified  than  them, be 

tr:-^:-"  --i^r  :lf=i :  :i.-ry  will  beornie  less  overcharged,  and  will 

s,ri4iri*c  -^^  -^^-^  :-r::rc :  c-  brir^ln^  ihe  body  still  nearer,  they 

^m  c^vme  -::  a:  ^11  :Tzr:Lir^L  t^ni  will  not  separate  at  all: 

a'-  i  .n  :rlz^.ic  thr   coiv  still  ntvAT^r.  thev  will  become  under- 

cLirr-ri.  ani  -^111  ?^i:oju:c  ir.\i2- 

117"  Case  XIII.  Le:  all  the  air  of  a  Rx»m  be  overcharged, 
and  let  two  o: rk  tsills  be  5"5pcr.ded  close  to  each  other  by  conduct- 
in2  threads  coniniunio-ating  with  the  wall  By  Prop.  15,  it  is 
hi^hlv  probable  that  the  balls  will  bo  undercharged ;  and  therefore 
they  should  rei»el  each  other. 

TViese  two  last  cases  are  experiments  of  Mr  Canton  s,  and  are 
A*f¥:n\)fA  in  Philosophical  Transactions  1753,  p.  350,  where  are 
othor  f.xiK.riments  of  the  same  kind,  all  readUy  expUcable  by  the 
fon:goirig  theory. 

I  have  now  considered  all  the  principal  or  fundamental  cases  ol 
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electric  attractions  and  repulsions  which  I  can  think  of;  all  of 
which  appear  to  ^ree  perfectly  with  the  theory". 

118]  §  3.     On  the  caseg  in  which  bodies  receive  electricity  from 

or  part  with  it  to  the  air. 

I  T.tniMA   I.     Let  the  body  A   (Fig.  G)  either  stand  near  some 

I    over    or   undercharged    body,  or   at  a  Fig.  6. 

I    distance    from   any.     It  seems    highly 

I    prtibable,  that  if  any  part  of  its  surface, 

I     as  J/A",  is  overcharged,  the  fluid  will 

^nJt^vour  to  run  out  through  that  part, 

provided  the  air  adjacent  thereto  is  not 

■geA 

r  let  O  be  any  point  in  that  aurfoce,  and  P  a  point  within 
t  body,  extremely  near  to  it ;  it  is  plain  that  a  particle  of  fluid 
must  be  repelled  with  as  much  force  in  one  directi 
ier  (otherwise  it  could  not  be  at  rest)  unless  all  the  fluid 
1  /"and  0  is  pressed  close  together,  in  which  case  it  may 
t  repelled  with  more  force  towards  G  than  it  is  in  the  contrary 
tion :  now  a  particle  at  O  is  repelled  in  the  direction  PG,  i.e. 
L  J*  to  G,  by  all  the  redundant  fluid  between  P  and  G 
pwiicle  at  P  is  repelled  by  the  same  fluid  in  the  contrary  direo- 
1  tioa ;  so  that  as  the  particle  at  P  is  repelled  with  not  less  force  in 
e  direction  PG  than  in  the  contrary,  I  do  not  see  how  a  particls 
■  con  help  being  repelled  with  more  force  in  that  direction 
1  the  contrary,  unless  the  air  on  the  outside  of  the  surface  My 
nore  overcharged  than  the  space  between  P  and  0. 
1  like  manner,  if  any  part  of  the  surface  is  undercharged,  the 
I  will  have  a  tendency  to  mn  in  at  that  part  from  the  air. 
The  truth  of  this  is  somewhat  confirmed  by  the  third  problei 
I  iu  all  the  cases  of  that  problem,  the  fluid  was  shewn  to  have  a 
r  to  run  out  of  the  spaces  AD  and  EH,  at  any  surface 
I  was  overcharged,  and  to  run  in  at  any  which  was  under- 
bid. 
11&]     Cor.  I.     K  any  body  at  a  distance  from  other  over  or 
I  mdercbargod  bodies  be  positively  electrified,  the  fluid  will  gradu- 
lallj  run  out  of  it  from  all  part«  of  its  surface  into  the  adjoining 
B  it  ia  plain  that  all  parts  of  the  surface  of  that  body  will  be 
[•  Note  B.] 
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>'.  ■-  t^:  -j^-r-:  rt  ::i:i  r^j^i  t-H  nz.  n  "Lirfrf  ir.-^.  zii.rc  force 
■--i^  >.- ..^-  :■:-  .-  .-4:1  uirl.''  li'-:  u^l"  h^tTi  ?=n.':c. -.:  ni.  ot;:  at 
".:.-.  '••:'  -1-  v'.inu  ■:  _Z  r  ^r  z  ~-i'.r  i-iziu.  :f  Ti:_.;-i  .1  -:•.: nsiuni- 
•-v.\-r*  v.-_i  -.i"^  jT  II- :  ^  ^u^-ri  t:t:»  !s.~-:  r.  J  1.5  11.  iriTr  5.  then 
M:'  f :..:  T-H  nil   .-i-  -.u-  .-.^i  -_u.-  '-i.-ji    -ill  n  Ll5  -■:  Ijnrerany 

V .  •  -.  -.-. .  J-  ..11.:. 

■  -.•'>v-.     -.;^i:  „t   .-  ■?"_  r:-_  :-•:  "ri-.r-.  ::  :»i:.rr  nz.  iz.  Ar.i  will  run 

A'.  :-.-  ^.i  r  -ji:_  -i.'jt:  'l--?-:  ::r:llj.rlT-5  >f-:n  :\ii*:nnable  to 
••/;>:'  v.-.;.-.:  •.;,.-.  i^r  i^  iTr-..-.  -.".Li:  roiir-?  i:  i  disTinoe  from 
'.*'  '..•  -,.■.*.•.•./-  "v.-ii^r  :-:  .-.-r  T.^rirlr-.TT  fr.u.  ::.r  air.  if  lit-gativelj 
'..•'";.:'.  : :  -,:.-;  rir.  — !■>.  ^'.:i:-r  *.•:  i:  ii  i»:-*:::vv"-v  v'.-ritrln-it.i :  and  a 
}•/,;.  :. .:  ^.rrr.ri :  i  ir-i  :. ::  [z^^ii^'-rl  rr-:^:T^.s  vlrE^rrioiiv  from  the 
h.T  ,:  \:\  .'j:.\  :.  .^r  -iZ.  .■"vr:"' \r::r«i  b-iv.  fti.i  l-.^s-r-s  some  when 
L's  *;':.•  ;.':;;r  .•;:.  ■;:.  ■•:r:Lir^-vi  b.-iv:  aLi  a  l».iv  insulateii  and 
*/*i 4* :».'..'.'.. 'J  '.\\  :.ix\':rh\  ^ribz^rrr*  •:!  5-.;:i.  in  some  cases,  receives,  and 
in   '/♦/*'/>.  i'/W:H  ^j-c^-^rioirv.  wLvn  brought  near  an  over  or  under- 

I2rjj  {)  4.  Tlio  wr;ll-kno^Ti  eflFecLs  of  points  in  causing  & 
'|fii'  k  t\\yv'\iii.r\i^i:  of  electricity  seem  to  agree  very  well  with  thi* 
III*  ory. 
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It  appears  from  the  20th  proposition,  that  if  two  similar  bodies 
o(  cLiSerent  sizes  are  placed  at  a  very  great  distance  from  each 
other,  and  conuecied  by  a  slender  canal,  and  overcharged,  the  force 
with  which  a  particle  of  fluid  placed  close  to  corresponding  parts  of 
iheir  sarface  is  repelled  from  thera,  is  inversely  as  the  currespond- 
iog  diameters  of  the  bodies.  If  the  distance  of  the  two  bodies  is 
small,  there  is  not  so  much  difference  in  the  force  with  which  the 
particle  is  repelled  by  the  two  bodies ;  but  still,  if  the  diameters  of 
the  two  bodies  are  very  different,  the  particle  will  be  repelled  with 
mnch  more  force  iirom  the  smaller  body  than  from  the  latter.  It 
ia  trne  indeed  that  a  particle  placed  at  a  certain  distance  from  the 
iiDaller  body,  will  be  repelled  with  less  force  than  if  it  be  placed 
tt  the  some  distance  from  the  greater  body ;  but  this  distance  ia, 
I  heheve,  in  most  cases  pretty  considerable;  if  the  bodies  are 
spherical,  and  the  repulsion  inversely  as  the  square  of  the  distance, 
t  particle  placed  at  any  distance  from  the  surface  of  the  smaller 
body  less  than  a  mean  proportional  between  the  radii  of  the  two 
bodies,  will  be  repelled  from  it  with  more  force  than  if  it  be  placed 
st  the  same  distance  from  the  larger  body. 

I  think  therefore  that  we  may  be  well  assured  that  if  two 
limilar  bodies  are  connected  together  by  a  slender  canal,  and  are 
Ofereharged,  the  fluid  must  escape  faster  from  the  smaller  body 
than  from  an  equal  surface  of  the  larger ;  but  as  the  surface  of  the 
;  larger  body  is  greatest,  I  do  not  know  which  body  ought  to  lose 
moat  electricity  in  the  same  time ;  and  indeed  it  seems  impossible 
lo  determine  positively  from  this  theory  which  should,  as  it  de- 
pends in  great  measure  on  the  manner  in  which  the  air  opposes 
tlie  ^trunce  of  the  electric  fluid  into  it.  Perhaps  in  some  degrees 
cf  electriflcation  the  smaller  body  may  lose  most,  and  in  others  the 
Urger. 

124]  Let  now  ACB  (Fig.  18)  be  a  conical  point  standing  on 
ay  body  DAB,  G  being  the  vertex  of  the 
cone;  and  let  DAB  be  overcharged:  I  ima- 
gine that  a  particle  of  fluid  placed  close  to 
tbo  sniiace  of  the  cone  anywhere  between  6 
sod  C,  must  be  repelled  with  at  least  as 
mueli,  if  not  more,  force  than  it  would,  if 
Ae  part  AabB  of  the  cone  was  taken  away, 
wi  die  part  aCb  connected  to  DAB  by  a  slender  canal;  and  con- 
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sequently,  from  what  has  been  said  before^  it  seems  reasonable  to 
suppose  that  the  waste  of  electricity  from  the  end  of  the  cone  must 
be  very  great  in  proportion  to  its  surface;  though  it  does  not 
appear  from  this  reasoning  whether  the  waste  of  electricity  from 
the  whole  cone  should  be  greater  or  less  than  from  a  cylinder  of 
the  same  base  and  altitude*. 

All  which  has  been  here  said  relating  to  the  flowing  out  of 
electricity  from  overcharged  bodies,  holds  equally  true  with  regard 
to  the  flowing  in  of  electricity  into  undercharged  bodies. 

125]  But  a  circumstance  which  I  believe  contributes  as  much 
as  any  thing  to  the  quick  discharge  of  electricity  from  points,  is 
the  swift  current  of  air  caused  by  them,  and  taken  notice  of  by 
Mr  Wilson  and  Dr  Priestly  {vide  Priestly,  p.  117  and  591);  and 
which  is  produced  in  this  manner. 

If  a  globular  body  ABD  is  overcharged,  the  air  close  to  it,  all 
round  its  surface,  is  rendered  overcharged  by  the  electric  fluid 
which  flows  into  it  from  the  body;  it  will  therefore  be  repelled  by 
the  body;  but  as  the  air  all  round  the  body  is  repelled  with  the 
same  force,  it  is  in  equilibrio,  and  has  no  tendency  to  fly  oflf  from 
it.  If  now  the  conical  point  ACS  be  made  to  stand  out  from  the 
globe,  as  the  fluid  will  escape  much  faster  in  proportion  to  the 
surface  from  the  end  of  the  point  than  from  the  rest  of  the  body, 
the  air  close  to  it  will  be  much  more  overcharged  than  that  close 
to  the  rest  of  the  body  ;  it  will  therefore  be  repelled  with  much 
more  force;  and  consequently  a  current  of  air  will  flow  along  the 
sides  of  the  cone,  from  B  towards  C;  by  which  means  there  is  a 
continual  supply  of  fresh  air,  not  much  overcharged,  brought  in 
contact  with  the  point;  whereas  otherwise  the  air  adjoining  to  it 
would  be  so  much  overcharged,  that  the  electricity  would  have  but 
little  disposition  to  flow  from  the  point  into  it. 

The  same  current  of  air  is  produced  in  a  less  degree,  without 
the  help  of  the  pointy  if  the  body,  instead  of  being  globular,  is 
oblong  or  flat,  or  has  knobs  on  it,  or  is  otherwise  formed  in  such 
manner  as  to  make  the  electricity  escape  faster  from  some  parts  of 
it  than  the  rest. 

In  like  manner,  if  the  body  ABD  be  undercharged,  the  air 
adjoining  to  it  will  also  be  undercharged,  and  will  therefore  be 

•  [♦  Note  9.] 
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dispelled  by  it;  but  as  the  air  close  to  the  end  of  the  point  will  bo 
mote  UDdercharged  than  that  close  to  the  rest  of  the  body,  it  will 
fee  repelled  with  much  more  force;  which  will  cause  exactly  the 
same  current  of  air,  flowing  the  same  way,  as  if  the  body  was  over- 
cbarged;  and  consequently  the  velocity  with  which  the  electric 
fluid  flows  into  the  body,  will  be  very  much  increased.  I  believe 
indeed  that  it  may  be  laid  down  as  a  constant  rule,  that  the  faster 
the  electric  fluid  escapes  from  any  body  when  overcharged,  the 
faster  will  it  run  into  that  body  whoa  undercharged. 

Points  are  not  the  only  bodies  which  cause  a  quick  discharge 
of  electricity;  in  particular,  it  escapes  very  fast  from  the  ends  of 
long  slender  cylinders ;  and  a  swift  current  of  air  is  caused  to  flow 
from  the  middle  of  the  cylinder  towards  the  end:  this  will  easily 
appear  by  considering  that  the  redundant  fluid  is  collected  in 
much  greater  quantity  near  the  enda  of  the  cylinders  than  near 
the  middle.  The  same  thing  may  be  said,  but  I  believe  in  a  less 
dfgree,  of  the  edges  of  thin  plates. 

What  has  been  just  said  concerning  the  current  of  air,  serves 
lo  explain  the  reason  of  the  revolving  motion  of  Dr  Hamilton's 
wd  Mr  Kinnersley'a  bent  pointed  wires,  vide  Philosophical  Trans. 
Vol.  u.,  p.  905,  and  Vol  Llll.,  p.  86;  also  Priestly,  p.  429:  for 
Ihe  same  repulsion  which  impels  the  air  from  the  thick  part  of  the 
tire  towards  the  point,  tends  to  impel  the  wire  in  the  contrary 
direction. 

12C]  It  is  well  known,  that  if  a  body  B  is  positively  electrified, 
'  »uil  another  body  A,  communicatiDg  with  the  ground,  be  then 
,j  brought  near  it,  the  electric  fluid  will  escape  faster  from  B,  at  that 
part  of  it  which  is  turned  towards  A,  than  before.  Tliis  ia  plainly 
conformable  to  theory ;  for  as  ^i  is  thereby  rendered  undercharged, 
S  will  in  its  turn  be  made  more  overcharged,  in  that  part  of  it 
"hich  is  turned  towards  .d,  than  it  was  before.  But  it  ia  also  well 
Vnown  that  the  fluid  will  escape  faster  from  B,  if  A  be  pointed, 
ihau  if  it  be  blunt;  though  B  will  be  less  overcharged  in  this  case 
than  in  the  other;  for  the  broader  the  surface  of  A,  which  is 
turned  towards  B,  the  more  effect  will  it  have  in  increasing  the 
OTWchai^e  of  B.    The  cause  of  this  phienoraenon  is  as  follows : 

li  Aia  pointed,  and  the  pointed  end  turned  towards  B,  the  air 
dose  to  the  point  will  be  very  much  undercharged,  and  thereforo 
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■will  ';«r  •rjr.crl"  rrrxll-tii  \~  A.  ac.i  i::rio:cii  bv  5,  irhich  will 
•:a:i.=-r  1  -"^Ir:  rirrrc:  :f  air  :•:  i.:-'^  fr:a  it  wyax'js  B\  bv  which 
Ei^iZ-5  i  :::i^-.ii."  j-T^.T  :t  -iz. i-rrzLirr-r'i  air  will  be  brou»fht  in 
ciL*^.:-  tti-Jl  E.  •v;_::L  t-LH  io:>=l-rn:c  tie  tiisirharge  of  electricity 
tr:r-  i:  ii.  ^  ^^77  zrea:  i-rre^:  ir.i  zi:r-r:ver.  the  more  pointed  A 
lA.  :l-r  TTirt-i:.'  TTill  :e  tlii  cirr^i.:-  If.  on  the  other  hand,  that 
eci  ::  A  Tllii  Li  vir:i^i  '.s^-^Lr''^  £  is  =->  blunt,  that  the  electri- 
citT  is  nit  lii'.i.-E^i^i  t:  rir.  into  J.  Lkstcr  than  it  is  to  run  out  of  A 
tL-Er  iir  s-ij  :-"-^j: ::-  jB  zz^j  c»r  ji  n:i:L  •ivercharged  as  that  adjoia- 
u^  to  A  i=  n-irriLiTi-'^i:  ini  tL-rrrtor-r  may  by  the  joint  repulsion 
of  B  ani  attri*:t::r:  :t  A,  t-n:  iri^r-tr'.Ioi  from  5  to  A,  with  as  much 
or  mire  f:r^r  tlai:  tLr  iir  a-ij . Liiiiz  to  -1  is  impelled  in  the  con- 
trary iLre^rt:::: :  S":-  thit  wLit  littl-r  c-irrent  of  air  there  is  may  flow 


in  tL-:  o:ntrirv  •iire;t::-n. 


It  is  easT  ar-t.'. villi:  what  has  been  here  said  to  the  case  in 

which  B  is  ne-rat:ve:v  eiectrineti 

127]  §  o.  In  the  paper  of  ilr  Canton's,  quoted  in  the  second 
section,  and  in  a  paper  of  Dr  Fmnklin's  Philcaoghical  Transactions 
17.55,  p.  S'W.  and  Franklin's  letters  p.  155,  are  some  remarkable 
experiment-?,  shewing  that  when  an  overcharged  boily  is  brought 
near  another  b-xly,  some  fiuid  is  driven  to  the  further  end  of  this 
body,  and  also  s^me  driven  out  of  it,  if  it  is  not  insulated.  The 
experiments  are  all  strictly  c-onformable  to  the  lltli,  12th,  and 
13th  propositions :  but  it  is  nee«lles.s  to  point  out  the  agreement, 
as  the  explanation  given  by  the  authors  does  it  sufliciently. 

12S]    §  C.     On  the  Leyden  viaL 

Tlic  shock  produced  by  the  Leyden  vial  seems  owing  only  to 
the  great  quantity  of  redundant  fluid  collected  on  its  jx)sitive  side, 
and  the  great  deficiency  on  its  negative  side;  so  that  if  a  conductor 
was  prepared  of  so  great  a  size,  as  to  be  able  to  receive  as  much 
additional  fluid  by  the  same  degree  of  electrification  as  the  positive 
side  of  a  Leyden  vial,  and  was  positively  electrified  in  the  same 
degree  as  tlio  vial,  I  do  not  doubt  but  what  as  great  a  shock  would 
be  produced  by  making  a  communication  between  this  conductor 
and  the  ground,  jis  between  the  two  surfaces  of  the  Leyden  vial, 
8np|:K>Hing  both  communications  to  be  made  by  canals  of  the  same 
ii^ngth  and  same  kind. 
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Fig.  20. 


It  appeals  plainly  from  the  experimenta  which  have  been  made 
fQ  this  subject,  that  the  electric  fluid  is  not  able  to  pass  through 
•he  glass;  but  yet  it  seems  as  if  it  was  able  to  penetrate  without 
macb  difficulty  to  a  certain  small  depth,  perhaps  I  might  say  an 
imperceptible  depth  within  the  glass;  aa  Dr  Franklin's  analysis  of 
Uie  Leydeu  vial  shews  that  its  electricity  is  contained  chiefly  ia 
the  glass  itself,  and  that  the  coating  is  not  greatly  over  or  under- 
charged. 

It  is  well  known  that  glass  ia  not  the  only  substance  which  can 
be  charged  in  the  manner  of  the  Leyden  vial ;  but  that  the  same 
effect  may  be  produced  by  any  other  body,  wliich  will  not  suffer 
the  electricity  to  pass  through  it. 

129]  •Hence  the  phEenomena  of  the  vial  seem  easily  explica- 
lile  by  means  of  the  22nd  proposition.  For  let 
ACGM,  Fig.  20,  represent  a  flat  plate  of  glass 
or  any  other  substance  which  will  not  suffer 
tbe  electric  fluid  to  pass  through  it,  seen  edge- 
«i-8;  and  let  BhdD,  and  EefF,  or  Bd  and  Ef, 
*B  I  shall  call  them  for  shortness,  be  two  plates 
tS  conducting  matter  of  the  same  size,  placed 
ia  contact  with  the  glass  opposite  to  each  other; 
jfod  Jet  Bd  be  positively  electrified;  and  lot 
■keommunicate  with  the  ground;  and  let  the 
^■l>e  supposed  either  able  to  ent^r  a  little 
^vinto  the  glass,  but  not  to  pass  through  it, 
l^miable  to  enter  it  at  all;  and  if  it  is  able  to 
BDter  a  little  way  into  it,  let  b^id,  or  6S,  as  I 
diaJl  call  it,  represent  that  part  of  the  glass  into 
iriuGh  the  fluid  can  enter  from  the  plate  Bd,  and  e^,  that  which 
%»  fluid  from  Efca-n  enter.  By  the  abovementioned  proposition, 
ih»,  the  thickness  of  the  glass,  is  very  small  in  respect  of  Id,  the 
Buoeter  of  the  plates,  the  quantity  of  redundant  fluid  forced  into 
W  qtace  Bd.  or  B5,  {that  is,  into  the  plate  Bd,  if  the  fluid  is  un- 
ble  lo  penetrate  at  all  into  the  glass,  or  into  the  plate  Bd,  and  the 
pio(9  b&  together,  if  the  fluid  is  able  to  penetrate  into  the  glass,) 
"  The  loUtming  eiplJEiition  ia  Btriotly  applicaUe  only  to  that  sort  of  Leyden 
lil,  vUcli  coaniBtH  ot  a  flat  plato  of  glass  oc  other  mattor.  It  is  ovidctit,  boirever, 
M  Uw  rciull  mait  lie  wailj  ot  the  Borne  kind,  though  the  glasa  ia  made  into  the 
Uf«  of  >  bottle  tta  netiKl,  oi  iuto  any  oth^r  (urm ;  but  I  propose  to  consider  those 
pt  cf  L«7d«ii  rloiU  more  pnTtioolarly  in  a  [uture  paper. 
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will  be  many  times  greater  than  what  would  be  forced  into  it  by 
the  same  degree  of  electrificatiou  if  it  had  been  placed  by  itself; 
and  the  quantity  of  fluid  driven  out  of  E<l>  will  be  nearly  equal  to 
the  redundant  fluid  in  BS. 

If  a  communication  be  now  made  between  BS  and  E<f},  by  the 
canal  NBS,  the  redundant  fluid  will  run  from  BB  to  E<f> ;  and  if 
in  its  way  it  passes  through  the  body  of  any  animal,  it  will  by  the 
rapidity  of  its  motion  produce  in  it  that  sensation  called  a  shock. 

130]  It  appears  from  the  26th  proposition,  that  if  a  body  of 
any  size  was  electrified  in  the  same  degree  as  the  plate  Bd,  and  a 
communication  was  made  between  that  body  and  the  ground,  by  a 
canal  of  the  same  length,  breadth  and  thickness  as  NRS;  that 
then  the  fluid  in  that  canal  would  be  impelled  with  the  same  force 
as  that  in  NRS,  supposing  the  fluid  in  both  canals  to  be  incom- 
pressible ;  and  consequently,  as  the  quantity  of  fluid  to  be  moved, 
and  the  resistance  to  its  motion  is  the  same  in  both  canals,  the 
fluid  should  move  with  the  same  rapidity  in  both :  and  I  see  no 
reason  to  think  that  the  case  will  be  different,  if  the  communica- 
tion is  made  by  canals  of  real  fluid. 

Therefore  what  was  said  in  the  beginning  of  this  section, 
namely,  that  as  great  a  shock  would  be  produced  by  making  a 
communication  between  the  conductor  and  the  ground,  as  between 
the  two  sides  of  the  Leyden  vial,  by  canals  of  the  same  length  and 
same  kind,  seems  a  necessary  consequence  of  this  theory ;  as  the 
quantity  of  fluid  which  passes  through  the  canal  is,  by  the  suppo- 
sition, the  same  in  both;  and  there  is  the  greatest  reason  to  think, 
that  the  rapidity  with  which  it  passes  will  be  nearly  if  not  quite 
the  same  in  both.  I  hope  soon  to  be  able  to  say  whether  this 
agrees  with  experiment  as  well  as  theory. 

131]  It  may  be  worth  observing,  that  the  longer  the  canal 
NR8  is,  by  which  the  communication  is  made,  the  less  will  be  the 
rapidity  with  which  the  fluid  moves  along  it ;  for  the  longer  the 
canal  is,  the  greater  is  the  resistance  to  the  motion  of  the  fluid  in 
it;  whereas  the  force  with  which  the  whole  quantity  of  fluid  in  it 
is  impelled,  is  the  same  whatever  be  the  length  of  the  canaL 
Accordingly,  it  is  found  in  melting  small  wires,  by  directing  a 
shock  through  them,  that  the  longer  the  wire  the  greater  charge  it 
requires  to  melt  it. 


132^  Aa  the  fluid  in  BS  is  attracted  with  great  force  by  the 
re<luttJaut  matter  in  E^,  it  is  plain  that  if  the  Huid  is  able  to 
penetrate  at  all  into  the  g\nas,  great  part  of  the  redundant  fluid 
« ill  be  lodged  in  6^,  and  in  like  manner  there  will  be  a  great 
deficience  of  fluid  in  e<fi.  But  in  order  to  form  some  estimate  of 
the  proportion  of  the  redundant  fluid  which  will  be  lodged  in  bS, 
let  the  communication  between  ^and  the  ground  be  taken  away, 
u  well  as  that  by  which  Bd  is  electrified  ;  and  let  so  much  fluid 
be  taken  from  BS,  as  to  make  the  redundant  fluid  therein  equal 
to  the  deficient  fluid  in  Eif>.  If  we  suppose  that  all  the  redundant 
fluid  is  collected  in  bS,  and  all  the  deficient  in  e<p,  so  as  to  leave 
Bd  and  Ef  saturated  ;  then,  if  the  electric  repulsion  is  inversely 

Ibe  square  of  the  distance,  a  particle  of  fluid  placed  anywhere 

the  plane  bd,  escept  near  the  extremities  6  and  d,  will  be 
with  very  near  as  much  force  by  the  redundant  matter 

e<^,  as  it  is  repelled  by  the  redundant  fluid  in  bS;  but  if  the 
repulsion  is  inversely  as  some  higher  power  than  the  square,  it 
will  be  repelled  with  much  more  force  by  IS,  than  it  is  attracted 
by  e^,  provided  the  depth  b/S  is  very  small  in  respect  of  the  thick- 
ness of  the  glass;  and  if  the  repulsion  is  inversely  as  some  lower 
power  than  the  square,  it  wQl  be  attracted  with  ranch  more  force 
by  e^  than  it  is  repelled  by  IB.  Hence  it  follows,  that  if  the 
depth  to  which  the  fluid  can  penetrate  is  very  small  in  respect  of 
U>e  thickness  of  the  glass,  but  yet  is  such  that  the  quantity  of 
fluid  naturally  contained  in  bS,  or  eif>,  is  considerably  more  than 
tbe  redundant  fluid  in  BS;  then,  if  the  repulsion  is  inversely  as 
the  square  of  the  distance,  almost  all  the  redundant  fluid  will  be 
collected  in  bS,  leaving  tbe  plate  Bd  not  very  much  overcharged ; 
and  in  like  manner  Ef  will  be  not  very  much  undercharged :  i£ 
lie  repolsiun  is  inversely  as  some  higher  power  than  the  square,- 
Bd  will  be  very  much  overcharged,  and  Ef  very  much  under- 
charged :  and  if  the  repulsion  is  inversely  as  some  lower  power 
iiiau  the  square,  Bd  will  be  very  much  undercharged,  and  Ef  very 
mucb  overcharged. 

1S3]  Suppose,  now,  the  plate  Bd  to  be  separated  from  the 
fliXo  of  glass,  still  keeping  it  parallel  thereto,  and  opposite  to  tlie 
Mme  part  of  it  that  it  l)efore  was  applied  to;  and  let  the  repulsion 
of  the  particles  be  inversely  as  some  higher  power  of  the  distance 
than  the  square.    When  the  plate  ia  in  contact  with  the  glass,  the  . 
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repulsion  of  the  redundant  fluid  in  that  plate,  on  a  particle  in  the 
plane  bd,  id  est,  the  inner  surface  of  the  plate,  must  be  equal  to 
the  excess  of  the  repulsion  of  the  redundant  fluid  in  68  on  it^ 
above  the  attraction  of  E<l>  on  it ;  therefore,  when  the  plate  Bd  ia 
removed  ever  so  small  a  distance  from  the  glass,  the  repulsion  ol 
the  redundant  fluid  in  the  plate,  on  a  particle  in  the  inner  surface 
of  that  plate,  will  be  greater  than  the  excess  of  the  repulsion  of 
bS  on  it,  above  the  attraction  of  E<f> ;  for  the  repulsion  of  bi  will 
be  much  more  diminished  by  the  removal,  than  the  attraction  of 
E<l> :  consequently,  some  fluid  will  fly  from  the  plate  to  the  glass, 
in  the  form  of  sparks:  so  that  the  plate  will  not  be  so  much 
overcharged  when  removed  from  the  glass,  as  it  was  when  in 
contact  with  it.  I  should  imagine,  however,  that  it  would  still  be 
considerably  overcharged. 

If  one  part  of  the  plate  is  separated  from  the  glass  before  the 
rest,  as  must  necessarily  be  the  case,  if  it  consists  of  bending 
materials,  I  should  guess  it  would  be  at  least  as  much,  if  not  more, 
overcharged,  when  separated,  as  if  it  is  separated  all  at  once. 

In  like  manner,  it  should  seem  that  the  plate  Ef  will  be  con- 
siderably undercharged,  when  separated  firom  the  glass,  but  not  so 
much  so  as  when  in  contact  with  it. 

From  the  same  kind  of  reasoning  I  conclude,  that  if  the 
repulsion  is  inversely  as  some  lower  power  of  the  distance  than 
the  square,  the  plate  Bd  will  be  considerably  undercharged,  and 
Ef  considerably  overcharged,  when  separated  from  the  glass,  but 
not  in  so  great  a  degree  as  when  they  are  in  contact  with  it. 

134]  §  7.  There  is  an  experiment  of  Mr.  Wilke  and  ^pmufli 
related  by  Dr.  Priestly,  p.  258,  called  by  them,  electrifying  a  plate 
of  air :  it  consisted  in  placing  two  large  boards  of  wood,  covered 
with  tin  plates,  parallel  to  each  other,  and  at  some  inches  asunder. 
If  a  communication  was  made  between  one  of  these  and  the 
ground,  and  the  other  was  positively  electrified,  the  former  was 
undercharged;  the  boards  strongly  attracted  each  other;  and,  on 
making  a  communication  between  them,  a  shock  was  felt  like  that 
of  the  Leyden  vial. 

I  am  uncertain  whether  in  this  experiment  the  air  contained 
between  the  two  boards  is  very  much  overcharged  on  one  sid^ 


iiui  very  much  uodercharged  on  the  other,  as  is  the  case  with  the 
plate  of  gla^s  in  the  Leyden  vial ;  or  whether  the  caae  is,  that  the 
roJimdant  or  deficient  fluid  is  lodged  only  in  the  two  boards,  and 
that  the  air  between  them  serves  only  to  prevent  the  electricity 
from  running  from  one  board  to  the  other :  but  whichever  of  these 
ia  the  case,  the  experiment  is  equally  conformable  to  the  theory  *. 
It  DiQSt  be  observed,  that  a  particle  of  fluid  placed  between 
the  two  plates  is  drawn  towards  the  undercharged  plate,  with  a 
(orce  exceeding  that  with  which  it  would  be  repelled  from  the 
overcharged  plate,  if  it  was  electrified  with  the  same  force,  the 
oUier  plate  being  taken  away,  nearly  in  the  ratio  of  twice  the 
quantity  of  redundant  fluid  actually  contained  in  the  plate,  to  that 
which  it  would  contain,  if  electrified  with  the  same  force  by  itself; 
» that,  unless  the  plate  is  very  weakly  electrified,  or  their  distance 
is  very  considerable,  the  fluid  will  be  apt  to  fly  from  one  to  the 
other,  in  the  form  of  sparks. 


135]  §  8.  Whenever  any  conducting  body  as  A,  c 
caling  with  the  ground,  is  brought  sufficiently  near  an  overcharged 
body  S,  the  electric  fluid  is  apt  to  fly  through  the  air  from  B  to 
A,  in  the  form  of  a  spark :  the  way  by  which  this  is  brought  about 
iMms  to  be  this.  The  fluid  placed  anywhere  between  the  two 
Wies,  is  repelled  from  B  towards  A,  and  will  consequently  move 
ilowly  through  the  air  from  one  to  the  other :  now  it  seems  as  if 
tfiis  motion  increased  the  elasticity  of  the  air,  and  made  it  rarer: 
tbis  will  enable  the  fluid  to  flow  in  a  swifter  current,  which  will 
still  further  increase  the  elasticity  of  the  air,  till  at  last  it  is  so 
much  rarified,  as  to  form  very  little  opposition  to  the  motion  of 
the  electric  fluid,  upon  which  it  flies  in  an  uninterrupted  mass 
6om  one  body  to  the  other. 

In  the  same  manner  may  the  electric  fluid  pass  from  one  body 
to  another,  in  the  form  of  a  spark,  if  the  first  body  communicates 
«ith  the  ground,  and  the  other  body  is  negatively  electrified,  or  in 
*Dy  other  case  in  which  one  body  is  strongly  disposed  to  part  with 
il»  electricity  to  the  air,  and  the  other  is  strongly  disposed  to 
iweive  it. 

In  like  manner,  when  the  electric  fluid  is  made  to  pass 

[■  See  AttioloB  344,  345,  511.  C16.] 
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through  water,  in  the  form  of  a  spark,  as  in  Signor  Beocaria's* 
and  Mr.  Lane's  f  experiments,  I  imagine  that  the  water,  by  the 
rapid  motion  of  the  electric  fluid  through  it,  is  turned  into  an 
elastic  fluid,  and  so  much  rarified  as  to  make  very  little  opposition 
to  its  motion :  and  when  stones  are  burst  or  thrown  out  from 
buildings  struck  by  lightning,  in  all  probability  that  effect  is 
caused  by  the  moisture  in  the  stone,  or  some  of  the  stone  itself, 
being  turned  into  an  elastic  fluid. 

137]  It  appears  plainly,  from  the  sudden  rising  of  the  water 
in  Mr.  Kinnersley's  electrical  air  thermometer]:,  that  when  the 
electric  fluid  passes  through  the  air,  in  the  form  of  a  spark,  the  air 
in  its  passage  is  either  very  much  rarified,  or  intirely  displaced : 
and  the  bursting  of  the  gla^  vessels,  in  Beccaria's  and  Lane's 
experiments,  shews  that  the  same  thing  happens  with  regard  to 
the  water,  when  the  electric  fluid  passes  through  it  in  the  form  of 
a  spark.  Now,  I  see  no  means  by  which  the  displacing  of  the  air 
or  water  can  be  brought  about^  but  by  supposing  its  elasticity  to 
be  increased,  by  the  motion  of  the  electric  fluid  through  it,  unless 
you  suppose  it  to  be  actually  pushed  aside,  by  the  force  with 
which  the  electric  fluid  endeavours  to  issue  from  the  overcharged 
body :  but  I  can  by  no  means  think,  that  the  force  with  which  the 
fluid  endeavours  to  issue,  in  the  ordinary  cases  in  which  electric 
sparks  are  produced,  is  sufficient  to  overcome  the  pressure  of  the 
atmosphere,  much  less  that  it  is  sufficient  to  burst  the  glass  vessels 
in  Beccaria's  and  Lane's  experiments. 

138]  The  truth  of  this  is  confirmed  by  Prop.  XVI.  For,  let 
an  undercharged  body  be  brought  near  to,  and  opposite  to  the  end 
of  a  long  cylindrical  body  communicating  with  the  ground,  by  that 
proposition  the  pressure  of  the  electric  fluid  against  the  base  of 
the  cylinder  is  scarcely  greater  than  the  force  with  which  the  two 
bodies  attract  each  other,  provided  that  no  part  of  the  cylinder 
is  undercharged ;  which  is  very  unlikely  to  be  the  case,  if  the 
electric  repulsion  is  inversely  as  the  square  of  the  distance,  as  I 
have  great  reason  to  believe  it  is  ;  and,  consequently,  if  the  spark 
was  produced  by  the  air  being  pushed  aside  by  the  force  with 
which  the  fluid  endeavours  to  issue  from  the  cylinder,  no  sparks 

*  ElettricUmo  artiflciale  e  naturale,  p.  110.    Priestly,  p.  209. 

t  Phil,  Tram.  1767,  p.  461. 

X  Phil.  Tram.  1763,  p.  84.    Priestly,  p.  216. 
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shoold  be  prodaced,  unless  the  electricity  was  so  strong,  that  the 
fofoe  with  which  the  bodies  attracted  each  other  was  as  great  as 
the  pressure  of  the  atmosphere  against  the  base  of  the  cylinder : 
whereas  it  is  well  known,  that  a  spark  may  be  produced,  when  the 
fiofoe,  with  which  the  bodies  attract,  is  very  trifling  in  respect  of 
that* 

139]  One  may  frequently  observe,  in  discharging  a  Leyden 
vial,  that  if  the  two  knobs  are  approached  together  very  slowly,  a 
hiasiDg  noise  will  be  perceived  before  the  spark;  which  shews, 
that  the  fluid  begins  to  flow  from  one  knob  to  the  other,  before  it 
passes  in  the  form  of  a  spark ;  and  therefore  serves  to  confirm  the 
troth  of  the  opinion,  that  the  spark  is  brought  about  in  the 
gradual  manner  here  described. 

[♦  Note  10.] 
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In  this  and  all  the  following  propositions  and  lemmata  the  eleotrio 
attraction  and  repulsion  is  supposed  to  be  inversely  as  the  square  of 
the  distance. 

140]  Prop.  XXIX.  Let  a  thin  circular  plate  be  connected  to  a  globe 
[of  the  same  diameter]  placed  at  an  infinite  distance  from  it  bj  a  stimigfat 
canal  of  incompressible  fluid  such  as  is  described  in  Pr.  xix.,  perpen- 
dicular to  the  plane  of  the  plate  and  meeting  it  in  its  center,  and  let 
them  be  overcharged. 

If  we  suppose  that  part  of  the  redundant  fluid  in  the  plate  is  spread 
uniformly,  and  that  the  remainder  is  disposed  in  its  circumference,  and 
that  the  part  which  is  spread  uniformly  is  to  that  which  is  disposed  in 
the  circumference  as  p  to  one,  the  quantity  of  redimdant  fluid  in  the 
plate  will  be  to  that  in  the  globe  as  ]p  +  1  to  2/i  + 1. 

For  by  Prop.  XXIL,  Cor.  v.,  the  force  with  which  that  part  of  the 
redundant  fluid  in  the  plate  which  is  disposed  in  the  circumference 
re{)e]8  the  fluid  in  the  canal  is  the  same  with  which  an  equal  quantity 
placed  in  the  globe  repels  it  in  the  contrary  direction,  and  the  repulsion 
of  that  part  which  is  spread  uniformly  is  the  same  as  that  of  twice  that 
quantity  placed  in  the  globe,  and  therefore  the  repulsion  of  a  quantity 
of  fluid  equal  to  /?  +  1  disposed  in  the  plate  as  expressed  in  the  proposi- 
tion is  equal  to  that  of  the  quantity  2p  +  1  placed  in  the  globe. 

141]  Prop.  XXX  Fig.  1.  Let  two  equal  thin  circular  plates  AB 
and  ab  communicate  with  each  other,  and  also  with  a  third  ciixsular  plate 


Fig.  1. 

A 

a 

C 

^ 

jf 

B 

i 

[*  mthorto  nnpublished.] 


Hon  on  jL  column. 

a  nnd  shape  and  placed  at  an.  infinite  distance  from 

jftta  ttniglit  canal  CD  of  iti  compressible  fiaid.     Let  the  three 

^aD  innllel  to  each  other  and  be  placed  so  that  CD  ahall  pasit 

ir  centers  and  be  perpendicular  to  their  |)]aneB,  and  let  the 

ll  •renJioi^gind.     The  quantity  of  redundant  fluid  in  each  of  the 

d  ab  will  be  to  that  in  EF  as  the  repulsion  of  the  plate  alt 

J  e/J  to  the  Buia  of  the  repulsions  on  cD  and  /D  [ef  being 

ll  to  eC),  enppoHing  that  the  redundant  fluid  in  all  three  plates 

■  Id  the  Mine  manner. 

1^  w  Uta  plates  AB  and  oi  are  at  an  infinite  distance  from 
r  underchm^ed  body,  the  repulHion  of  Ali  on  the  canal 
rtiflo  must  be  equal  to  that  of  ab  on  it  in  the  coutraiy,  and 
e  redundant  fluid  in  A£  must  be  eijual  to  that  in  ab. 

,  the  mm  of  the  repulsions  of  AB  and  ab  on  the  canal  eD 
to  that  of  EF  on  it  in  the  contrary  direction,  aa  otherwise 
t  flow  from  ab  to  EF  or  from  EF  to  ab.  But  aa  all  three 
le  game  size,  and  the  fltdd  In  them  is  disposed  in  the  same 
r,  tlie  repaltdona  of  EF  and  ab  on  eD  will  be  to  each  other  as  the 
J  of  Tednndant  fluid  in  them,  and  therefore  the  quantity  of 
mt  fluid  in  ab  will  \m  to  that  in  EF  as  the  repulsion  of  ah  on  CD 
D  of  th«  repuhiona  oi  AB  and  ab  on  it,  that  ia,  as  the  repulsion 
ilotieZ)  to  the  sum  of  its  repulsions  on  fD  and  eD,  for  the  repulsion 
Boa  cD  is^jual  to  tlie  repulsion  of  ni  on/D*. 

I  US]  Coa  I.  If  the  fluid  in  these  plates  is  disposed  in  the  same 
iker  AS  in  Prop,  XXJX.  the  quantity  of  redundant  fluid  in  each 
«  pUlca  AB  tuid  ab  will  bo  to  that  inEF  as 


AC(p^l)U,AC(p  +  i)^p{Ae-Cc)^ 


2.U 


Tor  by  Lemma  X,  the  repulsion  of  a  given  quantity  of  fluid  spread 
onfurmlj  over  ab  on  the  column  rD ;  the  repulsion  of  the  same  fliud 
«  ^;  the  repulsion  of  the  same  quantity  of  fluid  collected  in  the  cir- 
taaktrBoe  of  the  plat«  ab  on  tLi  cohuun  cD ;    and  the  repulsion  of 

tkeiaine  fluid  on  e/'are  to  each  other  a^  ae ;  ac+f/—af;  -^  and  —  —  „->, 

■kd  therefore  the  whole  repulsion  of  the  plate  ab  on  oD  is  to  its  re- 
folnon  on  ^  na 

'^  ,  J-       J-,     C"      ~'' 


■•d  therefore  the  repulsion  of  » 
M  eD  nad,fD  m 


on  tD 


2«/' 
5  to  the  sum  of  its  repulsiona 


2»/- 


J 
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113]  Cor.  1L  Therefore  if  all  the  redundant  fluid  in  the  plates 
is  spread  uniformly,  the  redundant  fluid  in  each  of  the  plates  AB  and  ab 
will  be  to  that  in  £F  as  AC  :  AC  +  Ac  -  Ccj  and  if  it  is  all  collected  in 

the  circiunference,  bsAO  :  AC  +  —j—  . 

Ac 

144]  Cor.  TIL  By  Pi-op.  XXIV.  it  appears  that  the  redundant  fluid 
in  the  plate  A B  or  ah  will  bear  the  same  proportion  to  that  in  £F 
though  they  communicate  with  JSF  by  separate  canals,  and  whether  the 
cauals  by  which  they  communicate  with  it  are  straight  or  crooked,  or 
in  whatever  direction  £F  is  placed  in  respect  of  them,  provided  the 
situation  of  AB  aud  ab  in  respect  of  each  other  remains  the  same.  Only 
it  must  be  observed  that  if  the  fluid  in  the  plates  is  not  disposed  so  as 
to  be  in  equilibrio,  as  will  most  likely  be  the  case  if  it  is  disposed  as  in 
the  two  preceding  corollaries,  it  is  necessary  that  the  canals  should  meet 
them  in  their  centers,  for  if  the  fltdd  in  a  plate  is  not  in  equilibrio,  its 
repulsion  on  a  canal  of  infinite  length  will  not  be  the  same  in  whatever 
part  the  canal  meets  it,  as  it  will  if  the  fluid  in  the  plate  is  in  equi- 
librio. 

1451  LEirifA  XII.  Fig.  2.  Let  BA  be  an  infinitely  slender 
cylindric  column  of  uniform  matter  infinitely  continued  beyond  A :  the 

Fig.  2. 


repulsion  of  a  particle  of  matter  K  on  this  column  in  the  direction  BA  is 
proportional  to  or  may  be  represented  by  7;^ ,  supposing  the  size  of  the 
particle  and  [the]  base  of  the  column  to  be  given. 

For  draw  KC  perpendicular  to  AB  continued,  and  let  the  point  B 
flow  towards  C,  the  fluxion  of  the  repulsion  of  K  on  the  column  equals 

It  a''  ^  TCR  ~  KB*  '  *^®  fluent  of  which,  -=^,  is  nothing  when  KB 
is  infinite. 

146]     Lemma  XIII.      Suppose  now  KC  to  represent  an  infinitely 

slender  cylindric  column  of  uniform  matter :  the  repulsion  of  KC  on  the 

infinite  column  BA  is  to  the  rcj^ulsion  of  the  same  quantity  of  matter 

KC  +  KB 
collected  in  the  point  C  on  the  same  column  as  the  nat.  log.  of  — ^^^ — 


148] 
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For  tlie  repulsion  of  all  the  matter  therein,  when  collected  at  C, 

KC 
on  £il  is  proportional  to  r^  ^  and  supposing  the  column  CK  to  flow, 

CK' 
the  fluxion  of  its  repulsion  on  BA  is  equal  to  -rr^ ,  the  fluent  of  which 

KC  +  KJB 
is  the  nat.  log.  of  — — r ,  and  is  nothing  when  CK  is  nothing. 

147]     Lemma  XIY.     The  repulsion  of  CK  on  a  particle  at  By  in  the 

CK 
direction  CB,  is  proportional  to  -^r^ — pj^y  supposing  the  base  of  CK 

and  the  size  of  the  particle  ^  to  be  given. 

For  supposing  CK  to  flow,  the  fluxion  of  its  repulsion  on  ^  in  the 
direction  CB  is  proportional  to  -^r^  x  ^^ ,  the  fluent  of  which  is  r=^ — j^ , 
and  is  nothing  when  CK  is  nothing. 

148]  Lemma  XV.  Fig.  3.  Let  GEFHMN  be  a  cylinder  whose 
bases  are  GEF  and  HMN  and  whose  axis  is  CK.    Let  the  convex 


Fig.  8. 


Sk. 


W 


A.^^ 


"^ 


■*• — -— '-' 


finrface  of  this  cylinder  be  uniformly  coated  with  matter,  and  let  GC  be 
small  in  respect  of  CK  Let  GA  be  a  diameter  of  the  base  produced, 
and  D  any  point  therein.  The  repulsion  of  the  convex  surface  of  the 
cylinder  on  the  point  D  in  the  direction  CD  is  very  nearly  the  same  as 
if  all  the  matter  therein  was  collected  in  the  axis  CK  and  spread  uni- 
formly therein. 

For  let  MED  and  med  be  two  planes  infinitely  near  to  each  other, 
parallel  to  CK  and  passing  through  2>,  and  cutting  the  convex  surface 
in  ME  and  NF  and  in  me  and  w/*,  which  will  consequently  be  right  lines 
equal  to  each  other  and  perpendicular  to  ED ;  and  draw  CP  perpen- 
dicular to  ED, 

6—2 
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The  repulsion  of  NnfF  on  2)  in  the  direction  CD  is  proportioQal  to 

Ff  Ea 

But  ^is  to  Et  2A  FD  to  ED^  therefore  -^  and  -— ^  are  eacli  equal 

to  ^rfTi — rrrT=    ^  p  r>    »  therefore  the  sum  of  the  repulsions  of  MmeE 
FD  +  ED       2PD  * 

and  NnfF  is  proportional  to 

(iy-f  Ee)  CK  X  PD     /  1  1  \_{F/-^Ee)CK     /I  1   \ 

2PDxCD         ""{nd'^MDJ"        2GD         ''\ND'^Md)' 

But  the  repulsion  of  the  same  quantity  of  matter  collected  in  CK  is 

proportional  to  ^-^ — ^'^ x  ^7) »  *^^  as  C(?  is  small  in  req>ect 

11  2  * 

of  C-^,  -v^  +  jj-j^  differs  very  little  from  -j=^  ,  therefore  the  sum  of  the 

repulsions  of  MmeE  and  NnfF  is  very  nearly  the  same  as  if  all  the 
matter  in  them  was  collected  in  CKj  and  consequently  the  repulsion  of 
the  whole  convex  surface  of  the  cylinder  will  be  very  nearly  the  saiP') 
as  if  all  the  matter  in  it  was  collected  in  CK. 

149]  Cob.  Therefore  if  BA  represents  an  infinitely  thin  cylindric 
column  of  uniform  matter  infinitely  extended  beyond  A,  the  repulsion 
of  the  convex  surface  of  the  cylinder  thereon  in  the  direction  BA  is  vety 

*  As  neither  MD  nor  ND  differ  from  KD  by  bo  mnch  as  CB^  it  is  plain  that 
112 
j-fji  +  i^  j>  cannot  differ  from  ^  in  so  great  a  proportion  as  that  of  BC  to  KD^  but 

in  reality  it  does  not  differ  from  it  in  so  great  a  ratio  as  that  of  CB^  to  KD*^  bat 
as  it  is  not  material  being  so  exact,  I  shnll  omit  the  demonstratiou.      See  A.  1. 

[From  MS.  "  A.  1 "]    Demonstration  of  note  at  bottom  of  page  8, 
CB=r,  CP=b,  PF=d,  PD=a,  CR*-\'CI>^==e\ 

22     p 

2^Z)»=Ci^  +  a«-2a<l  +  d«=<j'-6«-2(ui  +  d«=««-/«-2ad 

=^«-2ad, 
3fi>«=^«+2a4, 

NJJ^MD      jl     ad       a^d't     g        ^ 
^9~  9^         2g^^ 

2      r     o  »'^     2  .  69     .  o'd*     <l« 
e      e*  p*      «     e*         g'^       c' 

which  is  less  than 


irly  tbe  BftTne  aa  if  all  the  matter  therein  was  coUcctod  in  CK,  and 
ttfore  is  to  the  Kpulsiou  of  the  same  qnantity  of  matter  collectwl 

L  the  point  C  thereon  very  nearly  as  nat.  log.  — j^ —  to  -^ ,  that 


tbe  infinite  oolmnn  DA   ia  to  the  repulsioi 
matter  coUected  iu  C  very  nearly  as  nat.  1 


CD 


CK+KD^    CK 
"-CD- 


IBO]  Peop.  XXXI.  Fig.  3.  Let  the  cylinder  GEFKMN  1« 
fiiuiecteil  to  the  globe  W,  whose  diumeter  is  equal  to  GB  and  whose 
distance  from  it  is  infinite,  hy  a  canid  TR  of  incumpresnible  fluid  of  any 
tKnjie,  and  meeting  tht;  cylioder  in  any  pFU't,  and  let  them  be  over- 
chu^gMi :  the  quajitity  of  redundant  fluid  iu  the  cylinder  will  be  to  that 

it>  the  globe  in  a  legs  ratio  than  that  of  CK  to  nat.  log.  - 


CK  ^ 

Icb'' 


■   CB 


provided  C3  ia  small 


» greater  ratio  than  that  of 

in  iwpsct  of  CK. 

By  Prop.  XXtV.  the  quantity  of  redundant  fluid  in  the  cylinder 
irill  bear  the  same  pro]iortion  to  that  in  the  globe  in  whatever  part 
iW  canni  meets  the  cylinder,  therefore  first  I  Bay  the  rediindant  fluid 
;vlindor  will  bear  a  greater  proportion  to  Unit  in  the  globe  than 


C£ 


For  let  the  canal  TR  be  straight  and  perpendicular  to  BL,  and  let 

ftin«ct  tho  cylinder  in  B,  the  middle  jjoint  of  the  line  BL,  and  let  it, 

',  meet  the  axis  in  S,  which  will  consequently  l«i  the  middle 

It  of  CK',  then,  if  the  redundant  tiuid  in  the  cylinder  won  spread 

mty  on  its  convex  anHiu^,  the  quantity  of  redundant  fluid  thereui 

CK  f'.K 

d  be  to  that  in  the  globe  very  nearly  as  ^y^  to  nat  l 


2CB 


■  C~B ' 


that  case  the  repulsion  of  the  cylinder  on  the  canal  ^7*  would 
to  the  repuUioL  of  tlie  same  quantity  of  redundant  fluid  collected 

I*  C  voiy  nearly  as  nat.  log.  -^jj,-  to  ^  or  as  nat.  log.  -^  to  ^t^bi  """d 

tU  force  with  which  the  globe  repels  the  canal  in  the  dii'ection  TR 
■*  the  same  with  which  a  quantity  of  rcduudant  fluid  equal  to  that  in 
1»  globe  placed  at  .S  would  repel  it  in  the  contrary  direction. 

Bnt  there  can  he  no  doubt  but  that  almost  all  the  redundant  fluid 
■0  the  cylinder  will  be  collected  on  its  surface,  and  also  will  be  collected 
in  greater  qtiantity  ntar  the  ends  than  near  the  middle,  consequently 
•t*  repulsion  of  the  cylinder  on  RT  will  be  loa3  than  if  the  redundant 
'aid  WHa  spread  uniformly  on  its  convex  surface,  and  therefore  the 
^wtitJty  of  redundant  fluid  in  it  will  hear  a  greater  proportion  to  tbat 

tbe  glol>e  than  it  would  on  that  enpi>oRition. 
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h 

t 


Secondly,  the  quantity  of  fluid  in  the  cylinder  will  bear  a  less  pro- 

CK  2CK 

portion  to  that  in  the  globe  than  that  of  j^  to  nat.  log.  -j^ . 

For  suppose  the  canal  to  meet  the  cylinder  in  B  and  to  coincide 

with  BA.     Then,  if  the  redundant  fluid  was  spread  uniformly  on  the 

convex  surface,  the  quantity  therein  would  be  to  that  in  the  globe  very 

CK  2CK 

nearly  as  t^  to  nat.  log.  -^^  ,  and  the  real  quantity  of  redundant  fluid 

in  it  will  bear  a  less  proportion  to  that  in  the  globe  than  if  it  was  spread 
uniformly  on  the  convex  surface. 

151]     CoR.     Therefore  the  quantity  of  redundant  fluid  in  the  cy- 
linder is  to  that  in  a  globe  whose  diameter  equab  CK  in  a  ratio  between 

that  of  2  to  nat  log.  --^  and  that  of  1  to  nat.  log.  ^^    . 

152]    Peop.  XXXII.    Fig.  4.     Let  A  DFB  and  adfh  be  two  equal 
cylinders  whose  axes  are  EC  and  ec,  let  them  be  panllel  to  each  other 


Fig.  4. 


JL-S.JF 


a- 


4  ,g   Z' 


^   c  Ji 


J€ 


a    c    }^ 


J> 


and  placed  so  that  Cc^  the  line  joining  the  ends  of  the  axes,  shall  be  perpen- 
dicular to  the  axes,  and  let  the  lines  EC  and  Fh  be  bisected  in  G  and  g, 
and  let  them  be  connected  by  canals  of  incompressible  fluid  of  any  shape 
to  a  third  cylinder  of  the  same  size  and  shape  placed  at  an  infinite  dis- 
tance from  them,  and  let  them  be  overcharged :  the  quantity  of  re- 
dundant fluid  in  each  of  them  will  be  to  that  in  the  third  cylinder  in 

a  ratio  between   that  of  log>fD  *^  ^^^  r^"^^^^  ~  rh'  *^^  ^^^  ^^ 

,      2EG 
log 


^  ^^8  /v»~  "*"  ^^g — Vrk~~  >  provided  the  redundant  fluid  in  the 


CB    "^  '^"^  CB       ^       Ch 
third  cylinder  is  disposed  in  the  same  manner  as  in  the  other  two. 

For  let  us  suppose  that  A  DFB  and  adfb  are  connected  to  the  third 
cylinder  by  the  canal  GM^  then,  if  the  redundant  fluid  in  each  cylinder 
is  disposed  uniformly  on  its  convex  surface,  the  sum  of  the  repulsions 
of  ADFB  and  adfb  on  the  canal  gM  will  be  to  the  repulsion  of  the  thicd 

[•  Note  12.] 
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cylinder  thereon  (supposing  the  quantity  of  redunchint  fluid  iu  it  to  bo 
equal  to  that  in  each  of  the  two  others)  as  log  ^^ttd  "*"  ^^S  — 75 —    ^ 

^  CB  ' 

Let  us  now  suppose  the  fluid  in  the  first  two  cylinders  to  be  disposed 

80  as  to  be  in  equilibrio,  and  consequently  to  be  disposed  in  greater 

quantity  near  their  extremities  than  near  their  middles,  and  let  the 

fluid  in  the  third  cylinder  be  disjiosed  in  the  same  manner,  and  be  the 

same  in  quantity  as  befoi-e.     The  repulsion  of  ADFB  on  Gg  will  be 

diminished  in  a  greater  ratio,  and  consequently  its   repulsion  on  g^f 

will  be  diminished  in  a  less  ratio  than  that  of  adfh  on  g^f,  consequently 

the  sam  of  the  repulsions  of  ADFB  and  adfh  on  gM  will  be  diminished 

in  a  less  ratio  than  that  of  the  third  cylinder  thereon,  and  therefore  the 

sum  of  the  repulsions  of  ADFB  and  adfh  on  gM  will  be  to  that  of  the 

third  cylinder  thereon  in  a  greater  ratio  than  that  of 

-      2EG     ,      EG  +  Eg  ,    ,     2EG 
log-^  +  log— ^-  to  log -^. 

Therefore  the  real  quantity  of  redundant  fluid  in  each  of  the  first 
two  cjrlindera  will  be  to  that  in  the  third  cylinder  in  a  less  ratio  than 

that  of  log -^  to  log -^  +  log— ^- . 

In  like  manner,  by  supposing  them  to  be  connected  to  the  third 
cylinder  by  the  canal  bD,  it  may  be  shown  that  the  quantity  of  redundant 
fluid  in  either  of  the  fii'st  two  cylinders  is  to  tliat  in  the  third  in  a 

^*        .•    .1.      .1    .    r,      2A'(7^    ,     2EC    ,     EC  +  Eb* 
greater  ratio  than  that  of  log  Yrtr  ^  ^^S  yrn  +  l^g  — ttj: —  • 

153]     Prop.  XXXIII.     If  two  bodies  B  and  5   are  successively 

connected  by  canals  of  incomj)ressible  fluid  to  a  third  body  0  placed 

at  an  infinite  distance  from  them,  and  are  overchargetl,  that  is,  if  one 

of  them,  as  i?,  is  first  connected  to  C  and  afterwaixls  B  is  removed  and 

b  put  iu  its  room,  the  quantity  of  redundant  fluid  in  C  being  the  same 

in  both  cases,  it  is  plain  that  the  quantity  of  redundant  fluid  in  B  will 

bear  the  ^ame  proportion  to  that  in  b  that  it  would  if  B  and  6  were 

placed  at  an  infinite  dbtance  from  each  other,  and  connected  by  canals 

of  incompressible  fluid. 

154]  Lemma  XV.  Fig.  5.  Let  ^^  be  a  thin  flat  plate  of  any 
shape  whatsoever,  of  uniform  thickness  and  composed  of  uniform  matter. 
Let  CG  be  an  infinitely  slender  cylindiic  column  of  uniform  matter 
jierpendicular  to  the  plane  of  AB  and  meeting  it  in  C  and  extended 
infinitely  beyond  G,  Let  ab  be  a  thin  circular  plate  perjxjndicular 
to  cG  whose  center  is  C,  Let  the  area  of  (ib  be  equal  to  that  of  A  By 
and  let  the  quantity  of  matter  in  it  be  the  same,  and  let  it  be  disposed 
uniformly. 

[*  Note  13.] 
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Kg.  5. 


JB 


Let  B  be  that  point  of  the  drcamference  of  AB  which  is  nearert 
to  (7.  If  BC  is  small  in  respect  of  CB^  the  repulsion  of  the  plate  AB 
on  the  short  column  £C  is  to  the  repulsion  of  ab  on  the  infinite 
column  cG  nearly  as  EC  to  c6. 

For  let  BD  be  a  circle  drawn  through  B  with  center  C,  as  BC 
is  very  small  in  respect  of  CB,  the  repulsion  of  the  circle  BD  on  EC 
is  to  its  repulsion  on  CG  very  nearly  as  EC  to  CB^  and  therefore  is  to 
the  repulsion  of  (ib  on  cG  very  nearly  as  EC  to  c6.  But  the  repulsion 
of  AB  on  ^(7  is  very  little  greater  than  that  of  DB,  for  the  repulsion 
of  DB  is  very  near  as  great  as  it  would  be  if  its  size  was  infinite. 

155]  Leioca  XVI.  Let  ACB  and  BEF  be  two  thin  plates,  not 
flat  but  concave  on  one  side,  let  their  distance  be  eveiywhere  the  same, 

Fig.  6. 


and  let  it  be  very  small  in  respect  of  the  radius  of  curvature  of  all  parts 
of  their  surface.  Let  C  be  any  point  of  the  surface  of  A  By  and  let  CJS 
be  perpendicular  to  the  surface  in  that  jwiut  Let  T/  be  a  flat  nlate 
I>erpendicular  to  CE. 
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Let  R  be  any  point  in  AB  and  S  the  corresponding  point  in  DF,  and 
]et  T  be  the  corresponding  point  in  Tt* :  the  sum  of  the  repulsions  of 
Ji  OQ  the  column  CJS  in  the  direction  CE  and  of  S  on  the  same  column 
ill  the  opposite  direction  £C  is  very  nearly  equal  to  the  force  with 
which  they  would  repel  the  same  column  in  the  direction  CB  if  they 
were  both  transferred  to  T,  provided  CB'  is  very  small  in  respect  of 
the  square  of  the  least  radius  of  curvature  of  the  surface  of  AB, 

Let  RS  be  continued  till  it  meets  CE  continued  in  F,  draw  EM  and 
•S'JT  perpendicular  to  CR, 

Let  Cif=(7,   RE-RM=E,  SG-NC^S,  and  SE--NM=D. 

As  CE  is  very  small  in  respect  of  the  least  ludius  of  curvature  of 

A  By  and  CF  is  not  less  than  the  least  radius  of  curvature,  CM  and  NR 

are  each  very  small  in  respect  of  CRj  and  therefore  Clf^  MR,  and  ES 

differ  from  CR  in  a  very  small  ratio.     Moreover  as  CR'  is  very  small  in 

re^>ect  of  CV\  CM'  and  RN'  are  very  small  in  respect  of  CE',  and 

therefore  ME  and  ^S  differ  in  a  very  small  ratio  from  CE ;  and,  more- 

CE' 
oTer,  2  X (TE-TC)  is  greater  than  -=^ . 

IJS 
Now  the  repulsion  of  the  point  R  on  the  colunm  CE  in  the  direc- 
tion CE  is  ^71  -  -zjT,    =  "BT? — wvi  >  *°^  *^®  repulsion  of  the  point  S  on 
iCkj      ICJit        Kkj  X  Kta 

SC  —  SE 
the  same  column  in  the  opposite  direction  is  -rr-^ — 77= ,  and  the  sum  of 

the  repulsions  of  R  and  S  is 

RE^RC     SC-SE  __    E-C       S+C-B 
RC  X  RE  ■*"  SC  X  SE  ~  RC>^RE^  SC  x  SE 

E  S  D  C  C 


RCxRE     SCxSE     SCxSE     RCxRE     SCxSE' 

and  the  repulsion  of  the  two  particles  when  transferred  to  T  on  the 
c^>lunin  CE,  or  the  repulsion  of  T,  as  I  shall  call  it  for  shortness,  is 
TE-TC 


"} 


TExTC 

But  as  ME  differs  in  a  very  small  ratio  from  CE,  and  RM  differs  in 
a  very  small  ratio  from  RC,  RE  -  RM  or  E  differs  in  a  very  small  ratio 
from  TE  -  TC  In  like  manner  SC  -  NC  or  S  differs  in  a  very  small 
ratio  from  TE  -  TC,  and  ER  and  CS  both  differ  in  a  very  small  ratio 
from  TE,  and  SE  differs  in  a  small  ratio  from  TC, 

E  S  TE  —  TC 

'^«'*^*'"  wims  +  scTtii  '^^^'^  ''^^  ""'^  ^™"'  ^ '  tuttc  ' 

that  is,  from  the  repulsion  of  T, 

^  Ji  BSiB  drawn  perpendicniar  to  the  snrfaoe  of  AB  bX  the  point  72  cutting  DF 
in  8f  I  call  S  the  corresponding  point  of  the  plate  DF,  and  if  CT  is  taken  in  the 
inimEBceHon.  of  the  plane  RCE  with  that  of  the  plate  Tt  eqnal  to  the  right  line  CR, 
I  etdi  T  the  coxreeponding  point  of  Tt. 

t  Lemma  XII.  [Art.  146]. 
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Morbover,  as  EM  and  SX  differ  reiy  little  from  each  other,  D  is  Tery 
small  in  respect  of  TE-  TV,  and  -r-, — ^r^  is  very  small  in  respect  of 
the  repulsion  of  T. 

Moreover,  — ^^r—  is  less  than  — -^ or  than  ^p^,and      j^g 

is  hardly  greater  than .^^      , and  Is  therefore  still  leiB  than rrrr — ; 

therefore    - '   and  —-,  each  didTtrr  from  one  in  a  less  ratio  than  that  of 

j*p  X  PE 
CE  to  C  r.  and  therefore  —.^, — r-,-  difiers  from  one  in  a  less  ratio  than 

that  of  ^CE  to  C  r. 

Conse<iueotly,  -  -^^^.^^-^  +  ^^— ^^  or  ^^^,  x  (^1  -  -^^ 

is  less  thaa  -^77—0^1^  ^  -rr^  >  which  is  less  than 

Ci?  X  ^C  2Ci:        2C£* 


cr  X  Rc  X  j?i:    cr    cr*  x  re  • 

20J?* 

which  is  very  small  in  respect  of  „,„  " „,^ — =5-=^ ,  that  is,  of  the  repul- 

lis  X  lij  "^  Uh 

sion  of  T, 

Therefore  the  sum  of  the  repulsions  of  R  and  S  differs  very  lilUe 
from  the  repuLdon  of  T. 

N.B.  Though  the  distance  CR  is  ever  so  great,  it  may  be  shown 
that  the  sum  of  the  repulsions  of  R  aud  S  cannot  be  more  than  double 
that  of  T  *. 

156]  Cob.  I.  Let  the  edges  of  the  plates  ACB  and  DEF  corre- 
8i>ond,  that  Is,  let  them  be  such  that  if  a  line  is  erected  on  any  part  of 
the  circumference  of  one  pLite  peq)endicular  to  the  [tangent]  plaao  of 
the  plate  iu  that  part,  that  line  shall  meet  the  other  plate  in  its  ciixnim- 
ference.  Let  the  two  ]>lates  be  of  an  uniform  thickness,  and  let  the 
thickness  of  DF  bear  such  a  proi)ortion  to  that  of  A  B  that  the  quantity 
of  matter  shall  bo  the  same  in  both.  Consequently  the  quantity  of 
matter  in  each  part  of  DF  will  bo  very  nearly  eipial  to  that  in  the 
corresi>onding  jKirt  of  AB.  Also  let  the  size  of  the  plates  be  such  that 
CE  shall  be  veiy  small  in  resjKJct  of  the  distance  of  C  fit)m  the  nearest 
part  of  the  circumference  of  AB^  and  let  the  least  radius  of  curvature  of 
the  surface  of  ^^9  be  so  great  in  respect  of  CE  that  a  point  R  mnj  be 
taken  such  that  CR  shall  be  small  in  respect  of  that  radius  of  corvaturoi 
and  yet  very  great  in  re8j)ect  of  CE, 

Lot  Pphe  &  flat  circidar  pLite  whose  center  is  G  and  whose  plane  is 
l>orpcndicular  to  GZ,  and  let  its  area  be  equal  to  that  of  AB,  and  let  the 
quantity  of  matter  in  it  be  also  equal  to  that  in  AB,  and  let  it  be 

[•  Note  14.] 


TWO   COXCAVt:  PLATES.  (.1 

Qoiformly ;  die  atim  of  the  lepuiaions  of  AD  uuj  DF  im  VE  \n 
opposite  directions  CE  and  EC  will  be  to  the  repulciou  it  I'ii  on  tliu 
jite  column  GZ  very  nearly  tut  'ZOE  to  GP. 

suppose  each  particle  of  matter  in  all  tliat  part  of  .-IjS  whose 
ice  from  C  ia  not  grualer  than  CR  and  in  the  c^rrespouding  [Nirb 
"  to  be  transferred  to  its  eorresponding  point  in  Tt,  so  ua  to  form  :i 
r  jilnlo  whfjse  ruJiiis  ia  CR. 

suppose  that  tie  tUicknesa  of  the  plates  Tt  and  Pp  are  bulh 
of  AB,  the  matter  in  all  pai-ta  of  Tt  will  be  very  nearly 
■  aa  that  in  AB  or  as  tliivt  in  Pp.  Therefore  the  repulsion 
will  be  very  nearly  twice  the  repulsion  of  Pp  on  Gg,  sup- 
yoBDg  Gff  to  be  equal  to  CE. 

But  from  the  foregoing  lemma  it  appears  that  the  sum  of  the  repul- 
moca  which  the  above- mentiooed  part  of  AD  and  DF  exerted  on  CE 
before  th«  matter  was  transferred  ia  very  nearly  eqiiul  to  that  which  Tt 
»xertd  thereon  after  the  matter  ia  tra.nsferred,  and  the  sum  of  the  repul- 
skitia  of  the  remaining  part  of  AB  and  DF,  or  that  whose  distance  frocn 
C  ia  gT«ater  than  CR,  ia  very  small  in  respect  of  that  part  whose  dia- 
tanoe  is  iesx,  therefore  the  sum  of  the  repulsions  of  the  whole  phites  AB 
and  DF  on  CF  is  to  the  repulsion  of  Pp  ou  GZ  very  nearly  as  2C'A' 
U»  GP. 

It  may  perhaps  be  supposed  &om  this  demonstration  that  it  would 
be  necessary  that  CE  should  be  excessively  small  in  respect  of  CV,  in 
order  tlint  the  sum  of  the  repulsions  of  the  plates  on  CE  should  be  very 
uarijr  equal  to  the  repulsion  of  Pp  on  Gg,  but  in  reality  this  seems  not 
to  be  the  case,  for  if  the  plutes  are  Begincute  of  concentric  H]jheres  whose 
ceat«r  is  T,  the  sum  of  their  repulsions  will  exceed  twice  the  repulsion 

tA  Pp  oaGg  in  a  not  much  greater  ratio  than  that  of  1  +  -pr.  to  1,  and 

if  iha  ndius  of  curvature  of  their  surface  is  in  some  places  greater  than 
CV,  and  nowhere  leas,  I  sliould  think  that  the  sum  of  their  repnlaiim 
eotdtt  hanlly  exceed  twice  the  repulsion  of  Pp  in  so  great  a  ratio 
U  tJtat. 

157]  Coil  II.  If  we  now  suppose  that  the  matter  of  the  plate  AB 
ii  denser  near  the  circumference  than  near  the  point  C,  and  tliat  tJio 
demctty  at  and  near  (7  is  to  the  mean  density  (or  the  density  which  it 
would  everywhere  be  of  if  the  matter  was  spread  uuifomdy)  as  8  to  one, 
and  Uwt  the  quantity  of  matter  ia  enoh  part  of  BF  is  equal  to  that  in 
ill*  corresponding  [lart  of  AB  as  before,  the  sum  of  the  repulsions  of 
tbc  |i)al«9  on  CE  will  be  less  than  if  the  matter  whs  spread  uoiformly 
IB  a  ntio  approaching  much  nearer  to  that  of  8  to  one  than  to  that 
ofoquality. 

For  if  any  pnrticle  of  matter  ia  removed  from  that  part  of  AB 
whiA  is  n«ar  C  to  titat  point  which  is  at  a  distance  from  it,  and  an 
Ci|ual  alteration  is  made  in  the  plate  DF,  tho  sum  uf  tlie  repul- 
of  ihesw!  particles  will    be  much  Ichs  aftir  their  removal   than 
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158]     Lemma  XVIT.     Fig.  7.     Let  ACB  be  a  thin  plate,  not  flat  ^ 
but  concave  on  one  side,  let  the  radius  of  curvature  of  its  surface  be 

Fig.  7. 


nowhere  less  than  CF,  and  let  ^F  be  perpendicular  to  its  surface  at  C ; 
let  MG  be  very  small  in  respect  of  CF,  and  let  T^  be  a  plane  perpen- 
dicular to  MC :  the  differeuce  of  the  repulsion  of  any  particle  of  matter 
as  i^  in  the  plate  ACB  on  the  point  M  in  the  direction  CM^  and  of 
its  repulsion  on  the  point  C  in  the  same  direction,  is  very  nearly  the 
same  as  if  the  particle  was  transferred  to  T  (CT  being  equal  to  the 
right  line  CJi),  provided  CJt  is  small  in  respect  of  GV, 

Draw  BN  perpendicular  to  MG,  the  difference  of  the  repulsions  of 
7?  on  the  points  i/ and  C  =  y^^- -^3  =  ^ -^  j^ -^,  and  the 
difference  of  the  repulsions  of  the  same  particle  placed  at  T  on  the  same 
points  =  j^^3 ,  but 

MR"  =  {MG  +  GNf  +  RN* 

=  JIC  +  GEU2MGx  GN^ 
=  Mr  +  2,MG  X  GN, 

GR^ 
and  GN  is  not  greater  than  ht^tt-*  and  therefore  2MG  x  GN  is  not  greater 

MG  X  GR* 
than  Ynr —  >  a^*^  therefore  is  very  small  in  respect  of  GR*  or  MT^, 

ij  y 

Therefore  MR^  differs  very  little  from  i/T",  and  -tt^ol  from  TTNik . 

•^  '         M^  MT* 

This  being  premised  there  are  two  cases  to  be  considered. 
First,  if  GR  is  considerably  greater  than  MG,  as 

V  M.Ja  ) 


• « 


IGO]  CONCAVE  PLATE.  77 

^  Jiffera  not  much  from  -^  x  {l  -  g  ^0{MC^2CN))^  ^ 
^.GN      CN   ..^         .        ,.         CN     ^ 3MC (MC -^ 2CN) 

.      MC      -3CN'(MC-^2CN)      ,.•     . 
or  from  ^^  X  ilTpi »  which  is  very  small  in  respect  of 

MC 

wtn  >  provided  CB  is  small  in  respect  of  C  V, 

For  as   CN  is  less  than    K^y,   ^Af^* ^    ^ 

Inerefore  as  -j^m-  ttts  is  very  small  m  respect  of  T/y^i  aiid  as 

j^  differ  veiy  httle  from  j^,  MR^^MR^'CW^  ^'  ^"  ^^^" 
&i«Doe  of  the  repulsions  of  E  on  the  points  il/'  and  C  differs  rery  little 
from  jfmi  9  ^®  difference  of  the  repulsions  of  T  on  the  same  points. 

I       Secondly,  if  CH  is  not  considerably  greater  than  MCy  ON  must  be 
very  small  in  respect  of  CB,  and  consequently  must  be  very  small  in 

wqject  of  MC.  Therefore  ythz  -  lon^  ^^  very  small  in  respect  of 
-j^^  y  and  therefore  the  difference  of  the  repulsions  of  i?  on  (7  and  M 
differs  very  little  from  i^^a  • 

159]  Cob.  Therefore  by  the  same  method  of  reasoning  as  was  used  in 
Cor.  to  Lemma  XVI.,  the  difference  of  the  repulsions  of  the  whole  plate 
ACB  on  the  points  M  and  C  is  very  nearly  the  same  as  if  each  particle 
of  matter  in  it  was  transferred  to  the  plane  Tt  and  placed  at  the  same 
distance  from  C  as  before,  and  therefore  its  repulsion  on  M  is  very 
nearly  equal  to  its  repulsion  on  C,  provided  MC  is  very  small  in  respect 
of  the  least  distance  of  the  circumference  of  the  plate  from  C,  and  thab 
tho  thickness  of  the  plate  is  everywhere  very  nearly  the  same,  except  at 
inch  a  distance  from  (7  as  is  very  great  in  respect  of  MC. 

160]  Prop.  XXXIV.*  Fig.  8.  Let  NnvVhe  a  plate  of  glass  or 
any  other  substance  which  does  not  conduct  electricity,  of  unifonu 
thickness,  either  flat,  or  concave  on  one  side  and  convex  on  the  other, 
•nd  let  the  electric  fluid  be  unable  to  penetrate  at  all  into  the  glass 
or  to  move  within  it. 

Let  ACB  and  DEF  be  thin  coatings  of  metal,  or  any  substance 
which  condncts  electricity,  applied  to  the  glass. 

*  This  proposition  is  nearly  the  same  as  Prop.  XXII. ,  only  made  more  general. 


7^  pRELnnyXRY  pbopositioxs.  [160 


Let  these  coatings  be  of  any  shape  whatdoeFer^  and  let  their  edges 
correspond  as  in  Lemma  XTL  Cor.  I. 

Let  AB  commonicate  with  the  body  ZT,  and  DF  with  the  body  L,  by 
the  stiaight  canals  CG  and  £Jf  of  incompreasiltle  fluid. 

Let  the  points  C  and  J?  be  so  placed  that  the  two  canals  shall  form 
one  right  line  perpendicular  to  AB  at  the  point  C,  and  let  the  lengths 
c.f  these  canals  be  so  great  that  the  repolsion  of  the  coatings  on  the 
fluid  in  them  shall  be  not  sensibly  less  than  if  they  were  infinite,  and 
let  2/  be  overcharged  and  let  L  be  saturated. 

It  is  plain  from  Prop.  XTL  that  DF  will  be  underchaiged,  and  that 
A  B  will  be  more  overcharged  than  it  would  otherwise  be. 

Let  Ww  he  a  thin  flat  drcalar  plate  whose  center  is  C,  perpendiqialar 
to  C£,  and  whose  area  is  equal  to  that  of  AB,  let  the  force  with  which 
the  redundant  fluid  In  AB  would  repel  the  short  column  CE  (if  ME 
was  continued  to  C)  be  called  m,  and  let  the  force  with  which  it  would 
repel  CAT,  or  with  which  it  repels  CG  (for  they  are  both  alike),  be  called 
J/.  Let  the  force  "with  which  the  same  quantity  of  redundant  fluid 
disposed  in  DF,  in  the  same  manner  in  which  the  deficient  fluid  therein 

is  actually  disposed,  would  repel  I  „^  I  be  called  ^, ,  let  the  force  with 

which  the  same  quantity  of  redundant  fluid  uniformly  disposed  on  Ww 
would  repel  CG  be  called  W,  and  let  the  force  with  which  H  repels  CG 
be  the  same  with  which  a  quantity  of  fluid,  which  we  will  call  B, 
uniformly  distributed  on  Wto  would  repel  it  in  the  contrary  direction : 

GW 

then  will  tlie  quantity  of  redundant  fluid  in  AB  be  ^  x  y? tt 1 

Jig  +  &  wj  —  tng 

whichy  if  Memd  G  arc  very  nearly  alike,  and  m  and  g  are  vety  small  in 

BW 
respect  of  G,  differs  very  little  from  -         ,  and  the  deficient  fluid  in 

g-\-m 

DFwiW  be  to  the  redundant  fluid  in  AB  ob  Jf-m  to  G,  and  therefore 

on  the  s<a]iie  sapposition  will  be  veiy  nearly  equal  to  it. 

For  the  force  with  wliich  AB  repels  the  fluid  in  EJI  must  ba  equal 
to  that  with  which  DF  attracts  it,  for  otherwise  some  fluid  would  run 
out  of  DF  into  Z,  or  out  of  L  into  DF.  For  the  same  reason  the  ezceai 
of  the  repulsion  o{  AB  on  CG  above  the  attraction  of  DF  thereon 


I 
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mast  be  equal  to  the  force  with  which  a  quantity  of  redundant  fluid 
equal  to  B  spread  uniformly  on  Ww  would  repel  it. 

Bj  the  supposition  the  force  with  which  AB  repels  the  canal  EM  is 
M—fn^  and  the  force  with  which  the  same  quantity  of  redundant  fluid, 
spread  on  DF  in  the  same  manner  in  which  the  deficient  fluid  therein 
is  actually  disposed,  repels  it  is  Gy  therefore  if  the  redundant  fluid  in 

AB  \a  called  A^  the  deficient  fluid  in  DF  will  be  ii  x  — -^ — . ;  therefore 

the  force  with  which  DF  attracts  CG  is  (G-g)  — — — ,  and  the  excess 

of  the  force  with  which  AB  repels  CG  above  that  with  which  DF 
attracts  it  is 

^ G  = G ' 

wliicli  must  be  equal  to  the  force  with  which  a  quantity  of  fluid  equal 
to  B  spread  uniformly  over  Ww  would  repel  it,  that  is,  it  must  be  equal 

to  IF-T  :  therefore  A  equals  t? jz . 

A  ^        Jig  +  Gm  -  mg 

161]     Ck>B.  L     If  the  plate  of  glass  is  flat,  and  its  thickness  is  very 

■mail  in  respect  of  the  least  distance  of  the  point  C  from  the  circumfer- 

cnoe  of  A  By  and  the  fluid  in  AB  and  DF  is  spread  uniformly,  the 

B  X  CW 
qpiantity  of  redundant  fluid  in  DF  will  difler  very  little  from     ^^y,    , 

and  the  deficient  fluid  in  DF  will  be  very  nearly  equal  to  the  redun- 
duit  fluid  in  AB, 

For  as  the  plate  of  glass  is  flat,  the  two  coatings  will  be  equal  to 
cacli  other,  and  therefore  M  and  G  are  equal  to  each  other,  and  so  are 

a  OF  * 

m  and  ^,  and  ~  diflers  very  little  fi-om  j^  ,  and  moreover  g  is  very 

imall  in  respect  of  G, 

162]     Cob.  II.   If  the  plate  is  flat  and  the  two  coatings  are  circular, 
their  centers  being  in  C  and  E^  the  quantity  of  redundant  fluid  in  AB 

will  be  more  accurately  equal  to       ^^-  x  -^y^ — -^y, ,  CW  being  in  this 

ease  equal  to  the  semi-dianicter  of  the  coatings,  and  the  deficient  fluid  in 
DF  will  be  to  the  redundant  in  AB  nearly  dACW-CEijo  CW, 

m 
For  in  this  case  ^^  is  accurately  equal  to 

CE  +  CW-  JCE^Tcir 


CW 
ind  therefore  

2rn      m'  _  2CE JCW' +  CE'-2CE 
W      W'~  CW 

♦  Lemma  XV.  [Art.  U8]. 


8 
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?s.ziDcyA2T  ?s: p^i-smoys.  [163 


vjL..^   -    _^   -5  snuii:  -   r=>c«-:   :t  C^.  didTere  very  little  from 


-  •-.  '-  i-  rn.  I:  il-r  ^'-LZ^  ■::  c^«  b  net  flat,  and  its  tbick- 
i-r--  L=  -:_--  ?L-t_.  ::.  T^rK-iz  .z  'ji-z  TA-Ii:!*  of  curvatuTe  of  its  surface 
l".    lz.1   :.-*.•    ..  -:--7T-L_:^c  t1»*  l-zii:^  &a  ia  Cor.  L,   the  quantity  of 

-_    .         .     -  '      .-'     ...  "  ,  ,       B^CW 

"-  --^^'  -'--  ~  -^  ^-  ='—  --^  "-^^  i^-^-^'j  e-v^  to  ~2C£~  * 


li  ■    -   -i  T.-rr  i-  1     i::.  resr*=i:-  'if  the  radius  of  ciirvature,  the 


-t:    :t:;i-.-.:L_>   -v-.!  \r:   -^rr  L-r-.v?*T  ..:  tL-?  ^ijzie  size,  and   therefore  G 
'Lf^-Ti  v-rr  _:-:^  f.-;^  J/,  .-i  • .  -  ;  i^  :.>  ^  verv  nearlv  as  CiT  to  CJT* 
1Z.1  zi;rit:T-=r    ■.  4L_i  y  irv  \.*.'jl  '--:rv  ar  .I'l  in  respect  of  J/ and  Gf. 

'>' ^  •-•IS.  IV  I:  wr  -:■«'  r-.pr-i-se  tL;«  the  density  of  the  re- 
.i-i.:A;.:  ii:  .z.  -l£  i*  fyfxzrz  xz  iza  cir»-^nitcrenoe  th;in  it  is  near  the 
P  in"  C  mi  ■.'-.■-•:  :-*  17:^-'"-  j.:  a::!  r.-rir  ^"^  is  i«!c?  than  the  uean  density, 
cr  :i-r  li-sirr  -  Li  .1 ::  —; -li  -rverT-a-n-rR-  r-e  of  if  it  was  spread  uniform] v, 
ir.  :r.e  ri:i:  ■::  :  :•:  :i.-r.  ini  ibi:  :Le  detoitrrit  fluid  in  ///'  is  spread 
ne^ir'jT  in  tL-t  «itn--r  Li?jr.nrr  i?  lie  reiun-iAnt  in  AB,  the  quantity  of 
Pid'ir.ijLn-  f  lii  ii:  -if.  «-ill  :-f  creairr  :l;a:  b-^fore  in  a  ratio  appniachinj* 
cit::l-  r.T.irer  tr.it  ::  ■::.t  :•:  c  iLj.2.  to  :Lit  of  equality,  and  that  whetlier 
tie  -"-is*  is  t\'.  ■- r  •::Lrn»i?^. 

F.r  rv  Lrrr:.-Js.    XVT,  O-r.  II.'.  n  arid  7  will  each  be  less  than  be- 
fore  in  tLe  alvvc-nic-iirn-fd  ratio. 

1^5]  CV'R.  V.  \Vr.-.:r.rr  the  plate  of  i:';i.ss  is  flat  or  concave,  or 
rhatever  sL:ii-e  :Le  cxiti:.^'<  arv  of.  or  whairvt-r  sha{.ie  the  canals  CG 

ndZ^  - 

be  th 

meter  ,_  —   ^  .^  ^         __  — 

radius  of  cur\a:ure  01  i*^  suilace  in  caee  it  is  concave,  the  quantity 

of  redundant  fluid  in  J /J  will  difler  very  little  fi-om     .yff£-  - 

For  siipp">>e  that  the  oaniil  OC  meets  the  coating  AB  in  the  niidille 
of  its  short4-st  diameter,  au-i  tliat  the  point  in  wliioh  J/ A'  meets  DF  h 
f.piH»site  to  Z,  !is  in  Tn^p.  [XXII.  Art.  74],  the  thickness  of  the  f^iaM 
will  then  be  very  gmall  in  ro.si«ect  of  the  distance  of  the  point  C  from 
the  nearest  jKirt  of  the  ciicumfei-ence  of  AJJ,  and  moivover,  by  just  the 
same  reasoning  as  wa.-<  uscil  in  the  Remarks  to  Prop.  XXII.,  it  may  be 
shown  that  6  will  in  all  probability  dilTer  ver}'  little  from  one,  and  con- 
sequently l>y  Cors.  I.  anil  111.  the  reilundant  fluid  in  AB  will  be  as 
above  as"sij(neJ.  But  by  Pn^p.  XXIV.  the  quantity  of  fluid  in  the  coat- 
ing's will  be  just  the  same  in  whatever  iwrt  the  canals  meet  ihem^  or 
whatever  bhai»e  the  canals  are  of. 

•  TiOnima  XVI.  Cor.  „        .        ,      . 

t  Am  tlio  rlcTiton'^tration  of  the  Rixtconth  Lomma  ana  ur  corollary  is  rather  m- 
Irirati',  I  c1u»wj  t<»  considftr  tlie  caHe  of  the  flat  plate  of  glass  separately  in  Cor.  L, 
un<l  to'doiiioiiHtruU-  it  hy  nicuns  of  Lemma  XV. 
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1661  Cob.  VL  On  tbe  same  supposition,  if  the  body  /?  is  a  globs 
whose  diAiiiet«r  eqnabi  f¥w,  i'^  etl  the  diameter  of  n,  circle  whose  area 
«qiuls  that  of  the  coating  AB,  the  reJundiLut  lluid  in  A3  will  he  to  that 
in  //  rcry  nearly  as  CW  to  iC£. 

For  the  quantity  of  r«Jundanl  fluid  in  //  will  be  2B. 

1671  Cob.  VII.  On  the  same  supposition  the  redundant  fluid  in 
JBirill  be  rery  nearly  the  same  whether  the  ghisa  is  flat  or  otherwise, 
w  whatever  shape  the  coatings  am  of. 

IftS]  Cob.  Vin.  On  the  same  supposition,  if  the  si^se  and  shape  of 
l&«  oaatings  and  also  the  thickness  of  the  glass  ia  varied,  the  size  and 
HUMtJtT  of  redundant  fluid  in  ff  remaining  the  same,  the  quantity  of 
rtdiuulant  fluid  in  AS  will  be  very  nearly  directly  as  its  surface,  and 
mrersely  as  tbo  thickness  of  the  glass. 

1(19]  Prop.  XXXV.  (Fig.  9).  Let  Fp,  Br,  Sa,  Tl  represent  any 
smber  of  surfaces  whoso  distance  from  Jfn,    and  consequently  from 


•idi  other,  is  the  same  in  alt  porta,  and  let  everything  bo  oa  in  the 
jmeeJiog  propi>sition,  except  that  the  fluid  in  the  spaces  P/trE,  S»tT, 
it,  that  is,  in  the  spaces  comprehended  between  the  surfflcea  Pp  and 
Rf,  and  Itotween  .Si  and  Tl,  ic  is  moveable*,  in  such  manner,  how- 
vvt,  tliitt  though  ihe  fluid  in  any  of  these  spaces  as  PprR  is  able  to 
aove  freely  from  Pp  to  Hr  or  from  Rr  to  Pp.  in  a  dii-ection  peqwn- 
dicukr  to  tbe  siirface  Pp  or  Jir,  yet  it  is  not  able  to  more  sideways,  or 
inn  direction  parallel  to  those  iiurfaces+,  and  let  the  fluid  in  tli 
tag  •p»ce3  XnpP,  UrgS,  TtvV,  Jt&  be  immovoabte ;  the  <[uantity  of  re- 
(iiioilant  fluid  iji  AB  and  the  deficient  fluid  in  DF  will  be  very  nearly 
tlw  (Blue  that  they  would  be  if  the  whole  fluid  within  tbe  glaa 

iTcable,  and  its  thickness  was  only  etpial  to  fl'i'+ A'A't  Tr,  Jsc.,  that 
*,  to  the  sum  of  the  thicknesses  of  those  sjmces  in  which  the  fluid  is 
tauoreable,  provided  that  NV,  the  thickneas  of  tlic  glass,  is  very  smaJl 
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in  respect  of  the  smallest  diameter  of  AB^  and  also  in  respect  of  the 
radius  of  curvature  of  the  surface  of  the  glass. 

Let  the  canals  GO  and  EM  be  perpendicular  to  the  plate  of  glass 
and  opposite  to  each  other,  so  as  to  form  one  right  line,  and  let  thero 
meet  AB  and  DF  in  the  middle  of  their  shortest  diameters.  The 
coating  AB  will  be  veiy  much  overcharged,  and  DF  almost  as  much 
undercharged,  in  consequence  of  which  some  fluid  will  be  driven  from 
the  surface  Pp  to  Rr  and  from  Sa  to  Tt.  Moreover  the  quantity  of 
fluid  driven  from  any  portion  of  the  surface  Pp  near  the  line  CE  will 
be  very  nearly  equal  to  the  quantity  of  redundant  fluid  lodged  in  the 
corresponding  part  of  AB,  or  more  properly  will  be  very  nearly  equal  to 
a  mean  bt^tween  that  and  the  quantity  of  deficient  fluid  in  the  oor- 
resjjonding  part  of  DF. 

For  a  particle  of  fluid  placed  anywhere  in  the  space  PprR  near  the 
line  CE  is  impelled  from  Pp  to  Rr  by  the  repulsion  of  AB  and  the 
attraction  of  DF,  and  it  is  not  sensibly  im|)elled  either  way  by  the 
spaces  SstT,  (S:c.,  as  the  attraction  of  the  redundant  matter  in  iS^s  is 
very  nearly  equal  to  the  repulsion  of  the  redundant  fluid  in  Tt ;  and 
moreover  the  repulsion  of  AB  on  the  particle  and  the  attraction  of  DT 
are  very  nearly  as  great  as  if  their  distance  from  it  was  no  greater  than 
that  of  Pp  and  Rr,  and  therefore  the  particle  could  not  be  in  equilibrio 
unless  the  quantity  of  fluid  driven  from  Pp  to  Rr  was  such  as  we  have 
asigned. 

As  to  the  quantity  of  fluid  driven  from  Pp  to  Rr  at  a  great  distance 
from  CEf  it  is  hardly  worth  considering.  It  is  plain,  too,  that  the 
quantity  of  fluid  driven  from  Ss  to  Tt  will  be  very  nearly  the  same  as 
that  driven  from  Pp  to  Rr, 

Let  now  (7,  g,  M,  m  and  W  signify  the  same  things  as  in  the  pre- 
ceding proposition,  and  let  the  quantity  of  redundant  fluid  in  AB  be 
called  A  as  before,  and  let  NP  +  RS-i-  TV+&C.,  id  est,  the  sum  of  the 
thicknesses  of  those  spaces  in  which  the  fluid  is  immoveuble,  be  to  JN")", 
or  the  whole  thickness  of  the  glass  as  >SHo  1,  and  let  PR  +  jST-\-  &c.,  or 
the  sum  of  the  thicknesses  of  those  spaces  in  which  the  fluid  is  moveable 
be  to  NV  as  2>  to  one. 

Take  En  equal  to  PR,  the  repulsion  of  the  space  PprR  on  the 
infinite  column  EM  is  equal  to  the  repulsion  of  the  redundant  fluid  in 
Rr  on  EU,  and  therefore  is  to  the  repulsion  of  -4^  on  CE  very  nearly 
as  En  or  PR  to  CE.  Therefore  the  repulsion  of  all  the  spaces  PprRy 
SstT,  ike.  on  EM  is  to  the  ref)ul8ion  of  AB  on  CE  very  nearly  as  i>  to 
one,  or  is  equal  to  mZ),  and  therefore  the  sum  of  the  repulsions  of  AB 
and  those  spaces  together  on  EAl  is  very  nearly  equal  to  M^-m  +  mD 
or  to  M-mS, 

But  the  attraction  of  DF  on  EM  must  be  equal  to  the  above- 
mentioned  sum  of  the  repulsions,  and  thei*efore  the  deficient  fluid  in  DF 

must  be  very  nearly  equal  to  —   •  ^  — - . 

By  the  same  way  of  reasoning  it  aonears  that  the  force  with  which 
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n|wUed  hy  AS,  DF,  und  tbe  Bpaces  PprR  a. 
neariy  eqa&I  to 


,il  SitT,  4c,  togethei 


(if~vi.1)(G-y)_ 
G 


+  7nS- 


-SA 


wtiA,  na  if  differs  very  tittle  from  G,  and  -^  is  very  small  in  respect 
rf  mS  or  3.9,  is  very  nearly  eqnaj  to  g  +  mS-gl)  or  to  (y  +  m)  S,  there- 
but-,  the  qnnntity  of  redundant  fluid  in  AB  will  be  very  nearly  equal  to 

J ^,  and  will  therefore  be  greater  than  if  tbe  fluid  within  the  glass 

»M  immoveable  very  nearly  in  tbe  ratio  of  one  to  S,  or  will  be  very 
Mwlj  the  samo  na  if  the  thickness  of  the  j ' 
Ibt  Auid  withiu  it  was  immoveable. 

l"n]  Prop.  XXXVI.  Fig.  10.  Let  every  thing  be  as  in  the  pre- 
Mdinq  proposition,  except  that  the  electric  fluid  ia  able  to  penetrate  into 
l^elam  on  tbe  side  Nit  as  ikr  as  to  the  aurfuce  A'^',  and  on  the  side  Vv 


lass  was  equal  to  CE  k  S,  and 


M  br  M  to  Ty;  in  such  manner,  however,  that  though  the  fluid  can 
■0*8  fr»ely  from  AB  to  a^  or  from  ap  to  AB,  and  also  from  DJ^  to  20 
80  lo  DF,  in  a  direction  perpendicular  to  those  Burfacea,  yet  it 
6  to  moi'e  sideways,  or  iu  a  direction  parallel  to  those  surfaces  ; 
quantity  of  redundant  fluid  on  one  side  of  the  glass,  and  of  de- 
ot  fluid  on  the  other,  will  be  very  nearly  the  same  as  if  the  spaces 
Jaiffand  Viyi'  were  tjiken  away  fund  the  coatings  AJl  and  Df  were 
k{>plied  bo  tbe  surfaces  Kk  and  Yi/. 

For  by  [Art  l.'!2]  of  former  Fart,  almost  all  the  redundant  and  de- 
"  fluid  will  be  lodged  on  tbe  surfaces  off  and  S0,  and  the  cnntings 
*  /J/'will  be  not  much  over  or  undercharged.     Now  if  the  whole 
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of  the  redundant  and  deficient  fluid  was  lodged  in  aft  and  8^  it  is  evi- 
dent that  tlie  quantity  of  redundant  and  deficient  fluid  would  be  exactly 
the  same  as  if  the  spaces  NnkK  and  VvyY  were  taken  away,  and  there- 
fore it  will  in  reality  be  very  nearly  the  same. 

171]  Cor.  I.  Therefore  the  quantity  of  redundant  fluid  on  the 
positive  side  of  the  glass,  that  is,  in  the  coating  ABy  and  the  space 
AafiB  together,  as  well  as  the  quantity  of  deficient  fluid  on  the 
negative  side  of  the  glass,  will  be  very  nearly  the  same  that  they  would 
be  if  the  fluid  was  unable  to  penetrate  into  the  glass  or  move  within  it, 
and  that  the  thickness  of  the  glass  was  equal  only  to  the  sum  of  the 
thicknesses  of  those  spaces  in  which  the  fluid  is  immoveable. 

172]  CoR.  II.  Whether  the  electric  fluid  penetrates  into  the  glass 
or  not,  it  is  evident  that  the  quantity  of  redundant  fluid  on  one  side 
the  glass,  and  of  deficient  fluid  on  the  other,  will  be  very  nearly  the 
same,  whether  the  coatings  are  thick  or  thin« 


173]  Prop.  XXXVII.  It  was  shewn  in  the  remarks  on  Prop. 
XXII.  ui  the  first  Part,  that  when  the  plate  of  glass  is  flat,  and  the  fluid 
within  it  is  immoveable,  the  attraction  of  the  deficient  fluid  in  DF 
makes  the  redundant  fluid  in  AB  to  be  disposed  more  uniformly  than  it 
would  otherwise  be.  Now  if  we  suppose  the  fluid  within  the  glass  to 
be  moveable  as  in  the  preceding  proposition,  and  that  the  deficient  fluid 
in  the  planes  Fp,  Ss,  &c,  and  the  redundant  fluid  in  the  planes  Fr, 
Tt,  (fee.  is  equal  to,  and  disi)osdd  similarly  to  that  in  JDFy  the  redundant 
fluid  in  AB  will  be  disposed  more  uniformly  than  it  would  be  if  the 
fluid  within  the  glass  was  immoveable,  and  its  thickness  no  greater  than 
the  sum  of  the  thicknesses  of  those  spaces  in  which  the  fluid  is  im- 
moveable. 

For  let  the  intermediate  spaces  be  moved  so  that  Tt  shall  coincide 
with  Vv  and  Br  with  Sa,  &c.,  but  let  the  distance  between  Tt  and  Ss 
and  between  Br  and  P/>,  <$:c.  remain  the  same  as  before,  that  is,  let  the 
thickness  of  the  spaces  in  which  the  fluid  is  moveable  remain  unaltered. 
The  distance  of  Fp  from  Nn  will  now  be  equal  to  the  sum  of  the 
thicknesses  of  the  spaces  Tt  }\  BrSs,  NnFpy  &c.  in  which  the  fluid  is 
immoveable. 

Now,  after  this  removal,  the  effect  of  the  planes  Tt  and  DF  and  of 
Br  and  «SV,  kc,  will  destroy  each  other,  so  that  the  intermediate  spaces 
and  DF  together  will  have  just  the  same  efiect  in  rendering  the  redun- 
dant fluid  in  ^i^  moi-e  uniform  than  the  plane  Fp  alone  will  have,  that 
is,  the  fluid  in  AB  will  be  dis()Osed  in  just  the  same  manner  as  if  the 
thickness  of  the  glass  was  no  greater  than  the  simi  of  the  thicknesses  of 
the  spaces  in  which  the  fluid  is  immoveable,  and  the  whole  fluid  within 
the  glass  was  immoveable. 

But  the  effect  of  the  intermediate  spaces  in  making  the  fluid  in  AB 
more  uniform  was  greater  before  their  removal  than  after,  for  the  efiect 
of  the  two  planes  Fp  and  Br  together,  and  also  that  of  Si  and  Ti  toge- 
ther, (fee.  is  the  greater  the  nearer  they  are  to  AB, 


176]  COATED  PLATE.  85 

174]  Cob.  The  redundant  and  deficient  fluid  in  the  intermediate 
spaces  will  in  reality  be  not  exactlj  equal  and  similarly  dis|K)«ed  to  that 
in  DF^  and  in  all  probability  the  quantity  of  deficient  fluid  disposed 
near  the  extremity  of  DF  will  be  greater  than  that  in  the  corresponding 
parts  of  Fp^  S»y  ^.,  or  than  the  redundant  fluid  in  the  corres) bonding 
parts  of  i?r,  Tt^  <fec.,  so  that  the  redundant  fluid  \ii  AB  will  perhai>s  l)c 
disposed  rather  less  uniformly  than  it  would  be  if  the  deficient  and 
redondant  fluid  in  those  spaces  was  equal  to  and  similarly  disposed  to 
that  in  DF\  but  on  the  whole  there  seems  no  reason  to  think  that 
it  will  be  much  less,  if  at  all  less,  uniformly  disposed  than  it  would  be  if 
the  thickness  of  the  glass  was  equal  to  the  sum  of  the  thicknesses  of  the 
spaces  in  which  the  fluid  is  immoveable,  and  the  whole  fluid  within  tho 
glass  was  immoveable. 


AI^PENDIX. 

175]  A«  the  following  propositions  are  not  so  necessary  towards 
understanding  tho  expeiiiuout  as  the  former,  I  chose  to  place  them  here 
by  way  of  appendix. 

Prop.  L  Let  everything  be  as  in  Prop.  XXXIV.,  except  that  the 
bodies  H  and  L  are  not  required  to  be  at  an  infinite  distance  from  the 
plates  of  glass  ;  let  now  an  overcharged  body  N  be  placed  near  the  glass 
in  such  manner  that  the  force  with  which  it  rej^ls  the  column  CG 
towards  G  shall  be  to  that  with  which  it  repels  tlie  column  FjM  towaixls 
M  as  the  force  with  which  the  deficient  fluid  in  1)F  attracts  tho  column 
QG  is  to  that  with  which  it  attracts  EM :  it  will  make  no  altei-ation  in 
the  quantity  of  redundant  fluid  in  AB^  providetl  the  repulsion  of  N 
makes  no  alteration  in  the  manner  in  which  the  fluid  is  di8})oscd  in  each 
plate. 

For  increase  the  deficience  of  fluid  in  DF  so  much  as  that  that 
coating  and  N  together  shall  exert  the  same  attraction  on  EM  as  DF 
alone  did  before,  they  will  also  exert  the  same  attraction  on  CG  as  DF 
aloue  did  before,  and  consequently  the  fluid  in  the  two  canals  will  be  in 
eqiiilibrio. 

176]  Cob.  In  like  manner,  if  tho  forces  with  which  the  body  N 
repels  the  columns  CG  and  EM  bear  the  same  ])roiK)rtion  to  each 
other  as  those  with  which  the  plate  AB  rejKils  those  columns,  and  there- 
fore bear  very  nearly  the  same  proportion  to  each  other  as  those  with 
which  EM  repels  those  columns,  the  quantity  of  deficient  fluid  in  DF 
▼ill  be  just  the  same  as  befoi-o  N  was  brought  near,  and  tho  redundant 
fluid  in  ^^  will  be  diminished  by  a  quantity  whoso  repulsion  on  CG  is 
the  same  as  that  of  N  thei*eon. 


; 
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Therefore,  if  the  repulsion  of  N  on  CG  is  not  greater  than  Hbat  of  H 
thereon,  the  diminution  of  the  quantity  of  redundant  fluid  in  AB  will 
bear  but  a  very  small  proportion  to  the  whole.  For  the  quantity  of 
redundant  fluid  in  AB  is  mauy  times  greater  than  that  whidi  would  be 
contained  in  it  if  DF  was  away,  id  est,  than  that  whose  repulsion  on 
CG  is  equal  to  the  repulsion  of  H  thereon  in  the  contrary  direction. 

177]  Pbop.  IL  From  the  preceding  proposition  and  corollary  we 
may  conclude  that  if  the  force  with  which  If  repels  the  columns  CG  and 
EM  bears  very  nearly  the  same  proportion  to  each  other  as  the  force 
with  which  DF  attracts  those  columns,  the  quantity  of  redundant  fluid 
in  AB  will  be  altered  by  a  quantity  which  will  bear  but  a  very  small 
proportion  to  the  whole,  unless  the  repulsion  of  N  on  CG  is  much 
greater  than  that  of  If  thereon. 

If  the  reader  wishes  to  see  a  stricter  demonstration  of  this  proposi- 
tion, as  well  as  to  see  it  applied  to  the  case  in  which  the  fluid  is  sup- 
posed moveable  in  the  intermediate  spaces,  as  in  Prop.  XXXY.,  he  may 
read  the  following  : 

Fig.  10. 


178]  Part  1.  Take  Fe  =  ^  thickness  of  those  spaces  in  which  the 
fluid  is  moveable,  draw  def  equal  and  similar  to  J)FF,  and  let  the 
deficient  fluid  therein  be  equal  to  that  in  DF:  the  repulsion  of  the 
intermediate  spaces  on  FM  is  to  the  difference  of  the  attractions  of  DF 
on  cJf  and  c/x  (supposing  F€  and  Mfi  to  be  equal  to  CF)  very  nearly 
as  twice  Be  to  CF,  and  is  therefore  very  nearly  equal  to  twice  the 
difierence  of  the  attraction  of  c(f  and  DF  on  FM, 

In  like  manner  the  attraction  of  the  intermediate  spaces  on  CG 
is  very  nearly  equal  to  twice  the  diflerence  of  the  attraction  of  DF 
and  d/  thereon. 

Suppose  now  the  quantity  of  deficient  fluid  in  DF  to  be  increased  in 
the  ratio  of  1  +y*to  1,  the  redundant  fluid  in  ^^  remaining  the  same  as 
before,  a  new  attraction  is  produced  on  FM,  very  nearly  equal  to 

/  X  (attraction  of  DF  on  FM)  -  ^  x  2  (diffi  attr.  of  c(f  and  DF  on  FM), 

that  is,  very  nearly  equal  to/x  (attraction  ofcifou  EM), 


Iq  Uke  tunnner  a  new  attniction  ia  produced  on  CG,  very  ue.ii-ly 
M|iiiU  In  y  X  (rtttmction  of  lif  on  CQ),  thereforp,  the  new  atti-action 
jw—liic^i  on  KM  M  to  that  jiroduced  on  CG  very  nearly  as  the  attrac- 
\'t:-a  ijf  'if  on  A'J/  w  to  its  attraction  ou  CG,  and  therefore  in  order  that 
the  quantity  of  redunilnnt  finid  in  AJ!  shall  not  Lo  altei-ed  by  the  ap- 
|tfuacli  of  N,  the  repulsion  of  N  on  EM  must  bo  to  its  repuluiuu  ou  GG 
wrj  nearly  as  the  alti-action  of  i^foa  EM  to  ita  attraction  on  CO, 

179]       PiRT  2.     Let  the  fluift  within  th«  glass  be  either  movealile, 
M  in  Trop.  fXXXV.  Art  169].  or  let  it  be  imiuovealile,  and  let  the 
a  ai  a  and  L  from  the  glass  be  either  great  or  nut. 


uni  of  tliesH  repulsions  =  ^. 

,  .        ,  ,-        (GC  iu  direction  CG  =A 
Ijct  the  repulsion  of  xV  ou  ■  „ ,,  .     ,.      ,.       „  n      m  "■nu  let  tlie  iiv 
'  \,EM  in  direction  EM  =  B ' 

naleion  which  ^V  should  exert  on  CG  in  order  that  the  redundant  Quid 
in  jl£  shoulil  remaiu  uuidtered  be  to  tliiit  which  it  should  exert  on 


The  quantity   of  reJi 
ratio  of  1+ H —  fi-  _  to  1 


Pip 
s  very  little  from  that  of 


.lant  fluid  in  A]i  will   be  increased  iu 
hidi,  if  P  dilTwa   very  little  fn.i 
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^+i>  ^.  f  C'^  ill  direction  GC  ' 

''^  ^  ^PpA-^pB  "^""^  ^"^  W  in  direction  EM 

{GC       —  PA  +  5 
as  — r= to  H^ 

or  as  (-PA  +  B)  4^  to  ^, 

increases  the  redundant  fluid  in  the  ratio  of 

-     B-PA    1+p   .     , 

180]  Cor.  I.  If  the  lengths  of  the  columns  CG  and  Elf  are  such 
that  the  repulsion  and  attraction  of  AB  and  DF  on  them  are  not 
sensibly  less  than  if  they  were  of  an  infinite  length,  the  attraction  of 
DF  on  CG  will  be  very  nearly  equal  to  its  attraction  on  EM,  and 
therefore,  if  the  forces  with  which  N  repels  the  columns  CG  and  EM  are 
very  nearly  equal  to  each  other,  the  quantity  of  redundant  fluid  in  AB 
will  be  very  little  altered  thereby. 

N.B.  If  the  size  of  IT  is  much  greater  than  that  of  AB,  it  b 
possible  that  its  distance  from  the  glass  may  be  such  as  to  exert  a 
Tery  considerable  repulsion  on  EM,  and  yet  that  the  action  of  AB  and 
BF  on  CG  shall  be  not  sensibly  less  than  if  it  was  of  an  [infinite 
length]. 

181]  CoR.  11.  Let  the  bodies  ff  and  Z  be  of  the  same  size  and 
shape  and  at  an  infinite  distance  from  the  glass,  and  let  the  fluid  be 
in  equilibrio.  Let  now  an  equal  quantity  of  fluid  be  taken  from  If 
and  Z,  the  quantity  of  redundant  fluid  in.  AB  will  be  very  little  altered 
thereby. 

For  the  repiilsion  of  the  whole  quantity  of  fluid  in  L  on  the  canal 
EM  will  be  as  much  diminished  as  that  of  H  on  CG,  so  that  it  comes  to 
the  same  thing  as  placing  an  overcharged  body  N  in  such  manner  that 
its  repulsion  on  CG  shall  be  equal  to  that  on  E3f,  which  by  the  pre- 
ceding proposition  will  make  very  little  alteration  in  the  quantity  of 
redundsuit  fluid  in  AB, 

182]  CoR.  III.  Let  the  bodies  II  and  Z  be  at  an  infinite  distance, 
and  either  of  the  same  or  diflerent  size,  and  let  the  fluid  be  in  equi- 
librio. Let  now  the  body  II  be  brought  so  near  to  AB  that  its  repul- 
sion on  GC  shall  be  sensibly  less  than  before.  The  quantity  of  re- 
dundant fluid   in  AB  will   bo  very   little   altered  thereby,   provided 

'  repulsion  of  the  two  plates  on  the   column  CG  is  not  sensibly 

lini^ed. 

For  whereas  when  II  was  at  an  infinite  distance  from  AB  it  exerted 

.0  repulsion  on  EM,  now  it  is  brought  nearer  it  does  exert  some,  and  its 

epulsion  on  EM  is  very  nearly  equal  to  the  diminution  of  its  repidsion 

OIL  CG,  so  that  it  comes  to  the  same  thing  as  placing  a  body  If  in  suoh 
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numner  as  to  repel  EM  with  very  nearly  the  same  force  that  it  does  CO 
in  the  contrary  direction. 

183]  Cob.  IV.  Let  the  body  U  be  brought  near  ^^  as  in  the 
preceding  corollary,  and  let  the  fluid  be  in  equilibrio ;  let  now  an  over- 
diarged  body  R  be  placed  near  //,  the  quantity  of  redundant  fluid  in 
H  must  be  so  much  diminished,  in  order  that  the  fluid  may  remain 
in  equilibrio,  supposing  the  fluid  in  ili^  to  remain  unaltered,  as  that 
the  diminution  of  its  repulsion  on  the  two  columns  GC  and  EM  shall 
he  equal  to  the  repulsion  of  R  on  the  same  columns.  Consequently,  if 
the  repulsion  of  R  on  them  is  to  the  repulsion  which  *H  exerted  on 
them  before  the  approach  of  i?  as  n  to  1,  the  quantity  of  redundant 
fluid  in  H  will  be  diminished  in  the  ratio  of  \  —n  to  1. 

For  supposing  the  quantity  of  fluid  in  JjT  to  be  thus  diminished, 
I  say,  the  quantity  of  fluid  in  A  will  remain  very  nearly  the  same  as 
before.  For  the  repulsion  of  //  and  R  on  the  two  columns  will  be  the 
Mune  as  that  of  H  was  before,  but  it  is  possible  that  their  rei)ulsion  on 
GC  maj  be  a  little  less,  and  their  repulsion  on  EM  as  much  greater  than 
that  of  ff  was  before,  but  this,  by  the  preceding  corollaries,  will  make 
rery  little  alteration  in  the  quantity  of  fluid  in  AB. 

184]  Cob.  V.  It  appears  from  Prop.  XXIII.  that  the  repulsion  of 
the  body  R  on  the  two  columns  GC  and  EM  will  be  the  same  in  what- 
ever direction  it  is  placed  in  respect  of  U  and  the  canal,  provided  its 
(UstaDoe  from  the  point  G  is  given,  and  consequently  the  diminution  of 
the  quantity  of  fluid  in  the  body  IT  will  be  very  nearly  the  same  in 
whatever  direction  R  is  situated,  provided  its  distance  from  G  is 
given. 

1 85]    Cob.  VL    Fig.  1 1 .  Suppose  now  that  instead  of  the  body  //  there 
Is  placed  a  plate  of  glass  Kkil,  coated  as  in  Props.  XXXIV.  and  XXXV., 


with  the  plates  Tt  and  Ss,  whereof  Tt  communicates  with  AB  hj  the 
canal  GC,  and  the  other  Ss  commiiiiicatcs  by  the  canal  gP  with  the 
body  jP,  placed  at  an  infinite  distance  and  saturated  witli  electricity,  and 
let  AB  and  consequently  Tt  be  overcharged,  and  let  the  fluid  be  in  equi- 
librio. 

Suppose  now  that  an  overcharged  body  R  is  brought  near  the  glass 
Kkil,  I  say  that  the  proportion  which  the  redundant  fluid  in  Tt  bears 
to  that  in  AB  will  be  very  little  altered  thereby,  supposing  the  length 


90  APPENDIX.  [186 

of  the  canal  CG  to  be  sucli  that  the  repulsion  of  the  coatings  AB  and 
BF  thereon  shall  be  not  sensibly  less  than  if  it  was  infinite,  and  that 
the  thickness  of  the  glass  Gg  is  very  small  in  respect  of  the  distance  of 
R  from  it,  and  that  the  repulsion  of  R  does  not  sensibly  alter  the  dispo- 
sition of  the  fluid  in  Tt  and  Ssy  and  also  that  the  repulsion  of  R  on  GO 
and  EM  together  is  not  much  less  than  if  GM  was  infinite,  and  also  not 
much  greater  than  the  repulsion  of  the  glass  NnvV  on  CG. 

For  let  the  quantity  of  fluid  in  Tt  and  /$«  be  so  much  altered  that  the 
united  repulsion  of  R  and  those  two  coatings  on  the  two  canals  GC  and 
EM  togedier,  and  also  their  repulsion  on  gPy  shall  be  the  same  as  that  of 
the  two  coatings  alone  before  the  approach  of  R, 

By  Prop.  II.  Cor.  i.  the  quantity  of  fluid  in  Tt  will  be  very  little 
altered  thereby,  for  the  repulsion  of  R  on  the  canal  gP  is  very  neai*ly 
the  same  as  its  repulsion  on  gC  and  EM  together. 

As  the  repulsion  of  Tt^  Sa  and  R  together  on  the  two  canals  GC  and 
EM  together  is  the  same  as  before  the  approach  of  R,  it  follows  that  if 
their  repulsion  on  gC  is  less  than  before,  their  repulsion  on  EM  will  be 
as  much  increased. 

Let  now  the  quantity  of  fluid  in  AB  and  DF  be  so  much  altered 
that  their  repulsion  on  gC  shall  be  as  much  diminished  as  that  of 
KJdl  and  R  on  the  same  column  is  diminished,  coid  that  their  repul- 
sion on  EM  shall  be  as  much  diminished  as  that  of  Kkil  and  R  on  the 
same  is  increased,  it  is  plain  that  the  fluid  in  all  three  canals  will  be 
exactly  in  equilibrio,  and  by  the  preceding  corollary  the  quantity  of 
fluid  in  AB  will  be  very  little  altered,  and  therefore  the  proportion 
of  the  redundant  fluid  m  AB  and  Tt  to  each  other  will  be  very  little 
altered*. 

186]  Cor.  VII.  By  Prop.  [XXIV.  Art  86]  all  which  is  said  in 
this  proposition  and  corollaries  holds  good  equally  whether  the  canals 
GG^  EM  and  GP  are  straight  or  crooked. 

Lemma. 

— $ 5 


187]  Let  DE  be  an  uniform  canal  of  incompressible  fluid  infinitely 
continued  towards  E^  and  let  A  and  B  be  given  points  in  a  right  line 
with  2>,  and  let  ^1^  be  bisected  in  (7,  the  force  with  which  any  particle 
of  fluid  repels  this  canal  (supposing  the  repulsion  to  be  inversely  as  the 
square  of  the  distance)  is  inversely  as  its  distance  from  the  point  2),  and 
therefore  the  sum  of  the  forces  with  which  two  equal  particles  of  fluid 
placed  in  A  and  B  repels  this  canal  is  to  the  sum  of  the  forces  with 
which  they  would  repel  it  if  both  collected  in  the  point  G^ 

•  [Note  16.] 
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188]  Let  us  now  examine  how  far  the  proportion  of  the  quantity 
of  fluia  in  the  hirge  circle  and  the  two  smsdl  ones  in  Ex])eriment  v., 
[ArL  273]  Fig.  18,  bear  to  each  other  will  be  affected  by  the  circum- 
stances mentioned  in  [Art  276],  supposing  the  plates  to  be  connected 
bj  canals  of  incompressible  fluid. 

first  it  appears  from  Cor.  [VIT.  Art  186],  that  the  quantity  of  re- 
dundant fluid  in  the  large  circle,  and  also  in  the  two  small  ones,  will  bear 
Terj  nearly  the  same  proportion  to  that  in  the  jar  ii  as  it  would  if  it  had 
baen  placed  at  an  infiidte  distance  ii-om  A,  for  the  distance  of  the  plate 
from  the  jar  was  in  neither  experiment  less  than  63  inches,  and  neither 
the  length  nor  the  diameter  of  the  coated  part  of  the  jar  exceeded  four 
inchee,  so  that  the  repulsion  of  the  jar  on  the  canal  connecting  it  to  the 
{date  could  not  difler  by  more  than  ^  part  from  what  it  would  be  if  the 
canal  was  infinitely  continued,  and  would  most  probably  differ  from  it 
by  not  more  than  1  or  ^  part  of  that  quantity*;  for  the  same  reason  the 
deficienoe  of  fluid  in  the  trial  plate  will  bear  very  nearly  the  same  pro- 
portion to  that  in  the  jar,  &c  as  it  would  if  it  had  been  placed  at  an 
infimto  distance  from  it 

Fig.  18. 


*  The  repnlfiion  of  a  globe  4  inches  diameter  on  a  straight  uniform  canal  of 
ineompresnble  fluid  extending  63  inches  from  it  differs  by  only  -X  part  from  what 
it  would  be  if  the  canal  was  infinitely  continued,  but  the  rcpuution  of  a  Leyden 
rial  of  that  size  on  the  same  column  differs  probably  not  more  than  ^  or  J  of  that 
qnantitj  from  what  it  would  be  if  infinitely  continued. 
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It  is  plain  that  if  the  plates  had  been  placed  at  such  a  distance 
from  the  jar  that  the  quantity  of  fluid  in  them  had  been  considerably 
leas  than  if  they  had  been  placed  at  an  infinite  distance,  still  tlie  quantity 
in  the  large  circle  would  bear  very  nearly  the  same  proportiou  to  thai 
in  the  two  small  ones  as  it  would  if  they  had  been  placed  at  an  in- 
finite distance. 

189]  Secondly,  it  is  plain  that  in  trying  the  large  circle,  the  repulsion  of 
that  circle  increases  the  deficience  of  fluid  in  the  trial  plate,  and  the  attrac- 
tion of  the  trial  plate  increases  the  redundance  in  the  circle.  Now  the 
repulsion  of  the  plate  Ee  on  the  canal  mMNa,  and  the  attraction  of  the 
trial  plate  T  on  rRSA  (supposing  mMNa  and  rRSA  to  be  infinitely 
continued  beyond  a  and  A)  are  by  [Cor.  IV.  Art.  183]  very  nearly  the 
same  as  if  the  redundant  fluid  in  Ee  and  the  deficient  fluid  in  T  were 
both  collected  in  the  centers  of  their  respective  plates,  and  the  quantity  of 
redundant  fluid  in  Ee  may  be  considered  as  equal  to  the  de6cient  in  T^ 
and  consequently  the  i*epulsion  of  Ee  on  niMAa  is  very  neai-ly  equal  to 
the  attraction  of  T  on  rliSA,  Moreover,  the  repulsion  of  Ee  on  its  own 
canal  rRSA  must  be  equal  to  the  attraction  of  T  on  niMNoj  as  the  jars 
with  which  they  communicate  are  both  equally  electrified,  and  therefore, 
by  Cor.  [IV.],  the  quantity  of  redundant  fluid  in  Ee  will  be  increased 
in  very  nearly  the  same  ratio  as  the  deficient  in  T. 

190]  In  like  manner,  in  trying  the  two  small  circles,  the  quantity 
of  redundant  fluid  in  them  is  increased  in  very  nearly  the  same  ratio  as 
the  deficient  in  T^  for  as  half  the  distance  of  the  two  circles  never  bore 
a  greater  proportion  to  em  than  that  of  18  to  72,  the  repulsion  of  the 
two  circles  on  the  canal  viMNa  will  be  y^rj  nearly  the  same,  and  the 
deficience  of  fluid  in  T  will  be  increased  in  very  neai'ly  the  same  ratio 
as  if  all  the  redundant  fluid  in  them  were  collected  in  c,  the  middle  point 
between  them. 

The  quantity  of  redundant  fluid  in  Bh  indeed  will  be  increased  in  a 
rather  greater  ratio,  and  that  in  Cc  in  a  rather  less  ratio  than  if  it  was 
placed  at  c,  but  the  ratio  in  which  the  quantity  of  fluid  in  Bb  is  in- 
creased must  very  nearly  as  much  exceed  that  in  which  it  would  be 
increased  if  it  was  placed  at  e  as  that  in  which  Cc  is  increased  falls 
short  of  it,  as  the  attraction  of  T  on  the  canal  fRSA  exceeds  that  on 
rRSA  by  nearly  the  same  quantity  as  its  attraction  yRSA  falls  short  of 
it,  and  therefore  the  quantity  of  re<lund«ant  fluid  in  both  circles  together 
is  increased  in  very  nearly  the  same  proportion  as  that  in  a  circle  placed 
in  c  would  be,  and  consequently  the  redundance  in  the  two  circles 
is  increased  in  very  neai*ly  the  same  ratio  as  the  deficience  in  the  trial 
plate*. 

*  Memorandum  relating  to  the  second  article. 

191]  The  attraction  of  the  trial  plate  on  the  CMifiX^fRSA  and  gBHA  and  the 
repulsion  of  the  circles  Bh  and  Cc  on  the  canal  mMNa  is  very  nearly  the  same  as 
if  the  deficient  or  redundant  fluid  in  the  plates  was  collected  in  the  centre  of  their 
respective  plates,  and  therefore  the  repulsion  of  the  circles  Bb  and  Cc  on  the  canal 
mMNn  is  inversely  as  the  distances  of  their  centres  from  m,  and  the  increase  of  tha 
<mantity  of  redundant  fluid  in  the  circles  Bb  and  Cc  by  the  attraction  of  T  is  in 
^^e  same  proportion. 
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192]  Conseqaentljy  in  trying  either  the  large  circle  or  the  two 
■nail  ones,  the  trial  plate  must  be  opened  to  very  nearly  the  same 
snrfiftce  to  contain  the  same  charge  as  them  as  it  must  be  if  they  were 
placed  at  an  infinite  distance  from  the  trial  plate,  and  consequently  no 
Mosible  alteration  can  be  produced  in  the  phenomena  of  the  experi- 
ment by  the  repuLdon  and  atti'action  of  the  circles  and  tiial  plate  on 
each  other. 

1931  Thirdly,  for  the  same  reason  it  appears  that  as  the  circles  and 
the  trial  plate  are  both  at  much  the  same  distance  from  the  ground  and 
valla  of  the  room,  no  sensible  alteration  can  be  produced  in  the  experi- 
ment bj  the  ground  near  the  circles  being  rendered  undercharged  and 
that  near  the  trial  plate  overcharged. 

It  must  be  observed,  indeed,  that  the  distance  of  the  circles  and 
trial  plate  from  the  ground  is  much  less  than  their  distance  from  each 
other,  and  consequently  the  alteration  of  the  charge  of  tlie  two  circles 
and  trial  plate  produced  by  this  cause  will  not  be  so  netirly  alike  as  that 
cauaed  by  their  attraction  and  repulsion  on  each  other ;  but  as,  on  the 
other  hand,  the  whole  alteration  of  their  chtirgo  produced  by  this  cause 
Oj  I  imagine,  much  less  than  that  produced  by  the  other,  I  imagine  that 
this  cause  can  hardly  have  a  more  sensible  effect  in  the  exi>eriment  than 
the  preceding. 

194]  Fourthly,  we  have  not  as  yet  taken  notice  that  the  canals  by 
which  the  jars  Aa  communicate  with  the  gix>und  are  but  short,  and  meet 
the  ground  at  no  great  distance  fix)m  the  jars. 

But  it  may  be  shewn  by  tlie  same  kind  of  reasoning  Tised  in  Prop.  [II. 
Art.  178],  with  the  help  of  the  second  corollary  to  tho  procediiig  proposi- 
tion, that  the  quantity  of  redundant  fluid  in  the  circles  will  l)ear  very 
nearly  the  same  proportion  to  that  in  the  positive  side  of  the  jar  A, 
whether  the  canal  by  which  A  communicates  with  the  ground  is  long 
or  short. 

Besides  that,  if  it  was  possible  for  this  cii-cumstancc  to  make  much 
alteration  in  the  proportiou  which  the  redundant  fluid  iu  the  circles 
hfAT9  to  that  in  A,  it  would  in  all  probability  have  very  iiejirly  the  Siiino 
effect  in  trying  the  two  small  circles  as  in  tiying  the  largo  one,  so 
that  no  sensible  alteration  can  be  produced  in  the  experiment  from  this 
circumstance. 

It  appears,  therefore,  that  none  of  the  above-mentioned  circumstances 
can  cause  any  sensible  alteration  in  this  experiment*. 

Therefore  take  tbo  point  a  so  that  tlie  repnlsion  of  a  particle  at  a  on  that  canal 
shall  be  a  mean  between  the  repulsions  of  the  same  particle  th(.>reon  when  placed 
at  B  and  C,  the  charge  of  T  will  bo  increased  in  the  same  ])rop(>rti(in  as  it  would  bo 
bj  the  repulsion  of  a  plato  containing  as  much  redundant  Uuid  as  the  two  platoH 
t'jgether  whose  centre  was  a,  and  the  charge  of  the  two  circles  together  will  also  bo 
increased  in  the  same  proi)ortiou  as  that  of  the  circle  whoi«e  centre  is  a  would  bo 
thereby. 

•  [Note  17.] 
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THOUGHTS  CONCERNING  ELECTRICITY. 

195]  Electricity  seems  to  be  owing  to  a  certain  elastic  fluid 
interspersed  between  the  particles  of  bodies,  and  perhaps  also  sur- 
rounding  the  bodies  themselves  in  the  form  of  an  atmosphere. 

196]  This  fluid,  if  it  surrounds  bodies  in  the  form  of  an  at- 
mosphere, seems  to  extend  only  to  an  imperceptible  distance  firom 
them*,  but  the  attractive  and  repulsive  power  of  this  fluid  extends 
to  very  considerable  distances. 

197]  That  the  attraction  and  repulsion  of  electricity  extend 
to  considerable  distances  is  evident,  as  corks  are  made  to  repel  by 
an  excited  tube  held  out  at  a  great  distance  from  them.  That  the 
electric  atmospheres  themselves  cannot  extend  to  any  perceptible 
distance,  I  think,  appears  from  hence,  that  if  two  electric  conductors 
be  placed  ever  so  near  together  so  as  not  to  touch,  the  electric  fluid 
will  not  pass  rapidly  from  one  to  the  other  except  by  jumping  in 
the  form  of  sparks,  whereas  if  their  electric  atmospheres  extended 
to  such  a  distance  as  to  be  mixed  with  one  another,  it  should  seem 
as  if  the  electricity  might  flow  quietly  from  one  to  the  other  in 
like  manner  as  it  does  through  the  pores  of  any  conducting  matter. 

But  the  following  seems  a  stronger  reason  for  supposing  that 
these  atmospheres  cannot  extend  to  any  perceptible  distance  from 
the  body  they  surround,  for  if  they  did  it  should  seem  that  two 
flat  bodies  whenever  they  were  laid  upon  one  another  should  al- 
ways become  electric  thereby,  for  in  that  case  there  is  no  room  for 

*  There  are  several  circnmBtances  which  shew  that  two  bodies,  howoTer  smooth 
and  strongly  pressed  together,  do  not  actuaUy  touch  each  other.  I  imagixM  that 
the  distance  to  which  the  electric  atmospheres,  if  there  are  any,  extend  mui  be 
lees  than  the  smallest  distance  within  which  two  bodies  can  be  iliade  to  ai>ptOMh. 
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the  electric  atmoaphere  to  extend  to  any  sensible  distance  from 
tlj'ise  surfaces  of  tlie  bodies  which  touch  one  another,  so  that  the 
elc-ctric  fluid  which  before  surrounded  those  surfaces  would  be 
forced  round  to  the  opposite  siiles,  which  would  thereby  become 
overcharged  with  electricity,  and  consequently  appear  electrical, 
which  is  contrary  to  experience. 

198]  Many  Electricians  seem  to  have  thought  that  electrified 
bixlies  were  surrounded  with  atmospheres  of  electric  matter  ex- 
tending to  great  distances  from  them.  The  reasons  which  may 
have  induced  them  to  think  so  may  be  first,  that  an  electrifietl 
b"<Iy  affects  other  bodies  at  a  considerable  distance.  But  this  may, 
with  much  more  probability,  be  supposed  owing  to  the  attraction 
and  repulsion  of  the  electric  matter  within  the  body  or  close  to  its 
surface.  And,  secondly,  because  a  body  placed  near  a  positively 
electrified  body  receives  electricity  itself,  whence  it  is  supposed  to 
receive  that  electricity  from  the  electrified  body  itself,  and  there- 
fore to  be  witliin  its  atmosphere.  But,  in  all  probability,  the  body 
in  this  case  receives  its  electricity  from  the  contiguous  air,  and  not 
iniined lately  from  the  electrified  body,  as  will  be  further  explained 
to  its  placa 

1D9]  Let  any  number  of  bodies  which  conduct  electricity  with 
perfect  freedom  be  connected  together  by  substances  which  also 
conduct  electricity.  It  is  plain  that  the  electric  fluid  must  be 
eqnally  compressed*  in  all  these  bodies,  for  if  it  wa.'j  not,  the 
(dtctric  fluid  would  move  from  those  bodies  in  which  it  was  more 
compreaseii  to  those  in  which  it  was  less  compressed  till  the  com- 
presaiou  became  equal  in  aU.  But  yet  it  ia  possible  that  some  of 
those  bodies  may  be  made  to  contain  more  than  their  natural 
qnaiiUty  of  electricity,  and  others  less.  For  instance,  let  some 
power  be  applied  to  some  of  these  bodies  which  shall  cause  the 
electric  fluid  within  their  pores  to  expand  and  grow  rarer"t",  those 
bodies  will  thereby  be  made  to  contain  less  electric  matter  than 
they  woidd  otherwise  do,  but  yet  the  electric  matter  within  them 

'  Kotoliy  Eititor.  piuit  i«,  mnrt  Bttstain  aa  equal  pressors.  In  modem  BcierrtiBc 
Imciueo  Ibo  woida  oamprmtiioii,  eiteneioa,  distortion,  ore  outd  to  eipress  slrain, 
or  eiuuigD  at  (orm,  wliile  preasaie,  tenBion,  torsion,  are  reserved  to  indicate  the 
■Imi  or  intenial  toi«e  which  acaompaniM  this  chanee  of  fonu.  Cavendish  nsos 
Ibo  word  comprcsdon  to  indicate  atteia.     The  idea  is  precisely  tliat  of  potential.] 

f  [Nn  inoli  power  boa  been  discorcrcd.  Tbero  ia  nothing  among  electrical  phe- 
tan  analogona  to  tba  oxpanaion  of  ait  by  heat.— E]>.] 
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will  be  just  as  much  compressed  as  it  would  be  if  this  power  were 
not  applied. 

On  the  other  hand,  if  some  power  were  applied  which  shall 
diminish  the  elasticity  of  the  electric  fluid  within  them  and  thereby 
make  it  grow  more  dense,  those  bodies  will  be  made  to  contain 
more  electricity,  but  yet  the  compression  will  remain  still  the 
same. 

200]  To  make  what  is  here  said  more  intelligible,  let  us  sup- 
pose a  long  tube  to  be  filled  with  air,  and  let  part  of  this  tube,  and 
consequently  the  air  within,  be  heated,  the  air  will  thereby  ex- 
pand, and  consequently  that  part  of  the  tube  will  contain  less  air 
than  it  did  before,  but  yet  the  air  in  that  part  will  be  just  as  much 
compressed  as  in  the  rest  of  the  tube. 

In  like  manner,  if  you  suppose  the  electric  fluid  to  be  not  only 
confined  within  the  pores  of  bodies,  but  also  to  surround  them  in 
the  form  of  an  atmosphere,  let  some  power  be  applied  to  some  of 
those  bodies  which  shall  prevent  this  atmosphere  fix)m  extending 
to  so  great  a  distance  from  them,  those  bodies  will  thereby  be 
made  to  contain  less  electricity  than  they  would  otherwise  do,  but 
yet  the  electric  fluid  that  surrounds  them  will  be  judt  as  much 
compressed  as  it  would  [be]  if  that  power  was  not  applied. 

It  will  surely  be  needless  to  warn  the  reader  here  not  to  con- 
found compression  and  condensation. 

201]     I  now  proceed  to  my  hypothesis. 

Def.  1.  When  the  electric  fluid  within  any  body  is  more 
compressed  than  in  its  natural  state,  I  call  that  body  positively 
electrified  :  when  it  is  less  compressed,  I  call  the  body  negatively 
electrified. 

It  is  plain  from  what  has  been  here  said  that  if  any  number 
of  conducting  bodies  be  joined  by  conductors,  and  one  of  the  bodies 
be  positively  electrified,  that  all  the  others  must  be  so  too. 

Def.  2.  When  any  body  contains  more  of  the  electric  fluid 
than  it  does  in  its  natural  state,  I  call  it  overcharged.  When  it 
contains  less,  I  call  it  undercharged. 

202]  Hyp.  1st.  Every  body  overcharged  with  electricity  repels 
an  overcharged  body,  and  attracts  an  undercharged  one. 
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Hyp.  2nd.  Every  undercharged  body  attracts  an  overcharged 
body,  and  repels  an  undercharged  one. 

Hyp.  8rd.  Whenever  any  body  overcharged  with  electricity  is 
brought  near  any  other  body,  it  makes  it  less  able  to  contain  elec- 
tricity than  before. 

Hyp.  4th.  Whenever  an  undercharged  body  is  brought  near 
another  it  makes  it  more  able  to  contain  electricity. 

203]  Cob.  I.  Whenever  any  body  at  a  distance  from  any 
other  electrified  body  is  positively  electrified  it  will  be  overcharged, 
and  if  negatively  electrified  it  will  be  undercharged. 

Cob.  II.  If  two  bodies,  both  perfectly  insulated,  so  that  no 
electricity  can  escape  from  them,  be  positively  electrified  and  then 
brought  near  to  each  other,  as  they  are  both  overcharged  they 
will  each,  by  the  action  of  the  other  upon  it,  be  rendered  less 
capable  of  containing  electricity,  therefore,  as  no  electricity  can 
escape  from  them,  the  fluid  within  them  will  be  rendered  more 
compreased,  just  as  air  included  within  a  bottle  will  become  more 
oompreased  either  by  heating  the  air  or  by  squeezing  the  bottle 
into  less  compass;  but  it  is  evident  that  the  bodies  will  remain 
jost  as  much  overcharged  as  before. 

204]     Cor.  III.    If  two  bodies  be  placed  near  together,  and 
.    then  equally  positively  electrified,  they  will  each  be  overcharged, 
but  less  so  than  they  would  [be]  if  they  had  not  been  placed  near 
together. 

It  may  perhaps  be  said  that  this  is  owing  to  the  electric  at- 
mosphere not  having  so  much  room  to  spread  itself  when  the  two 
bodies  are  brought  near  together  as  when  they  are  at  a  distance; 
but  I  think  it  has  already  been  sufficiently  proved  that  these  at- 
mospheres cannot  extend  to  any  sensible  distance  from  their  re- 
spective bodies. 

Cor.  IV.  If  two  bodies  are  placed  near  together  and  then 
equally  negatively  electrified,  they  will  each  be  undercharged,  but 
less  so  (id  est,  they  will  contain  more  electricity)  than  if  placed  at 
a  distance. 

This  phenomenon  cannot  be  accounted  for  on  the  foregoing 
supposition. 

205]  Cor.  V.  If  a  body  overcharged  with  electricity  be 
brought  near  a  body  not  electrified  and  not  insulated,  part  of  the 
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electric  fluid  will  be  driven  out  of  this  body,  and  it  will  become 
undercharged. 

But  if  the  body  be  insulated,  as  in  that  case  the  electric  fluid 
cannot  escape  from  it,  it  will  not  become  undercharged,  but  the 
electric  fluid  within  it  will  be  more  compressed  than  in  its  natural 
state,  id  est,  the  body  will  become  positively  electrified,  and  vrill 
remain  so  as  long  as  the  overcharged  body  remains  near  it,  but 
will  be  restored  to  its  natural  state  as  soon  as  the  overcharged 
body  is  taken  away,  provided  no  electricity  has  escaped  during  the 
mean  time. 

This  is  in  effect  the  same  case  as  that  described  in  the  5th 
experiment  of  Mr  Canton's  paper  in  the  48th  vol  of  [the  Philo- 
sophical] Transdctions,  p.  353,  and  is  explained  by  him  much  in 
the  same  manner  as  is  done  here. 

206]  Cor.  VI.  If  a  body  positively  electrified  in  such  a  man- 
ner that  if  it  is  by  any  means  made  more  or  less  capable  of  con- 
taining electricity,  the  electric  fluid  shall  run  into  it  from  without 
or  shall  run  out  of  it,  so  as  to  keep  it  always  equally  electrified, 
be  brought  near  another  body  not  electrified  and  not  insulated, 
the  second  body  will  thereby  be  rendered  undercharged,  whereby 
the  first  body  will  become  more  capable  of  containing  electricity^ 
and  consequently  will  become  more  overcharged  than  it  would 
otherwise  be  with  the  same  degree  of  electrification.  This  again 
will  make  the  second  body  more  undercharged,  which  again  will 
make  the  first  body  more  overcharged,  and  so  on. 

It  must  be  observed  here,  that  if  the  two  bodies  are  brought 
so  near  together  that  their  action  on  one  another  shall  be  con- 
siderable, the  electricity  will  jump  from  one  to  the  other ;  otherwise 
if  the  two  bodies  were  brought  so  near  together  that  their  distance 
should  not  be  greater  than  the  thickness  of  the  glass  in  the  Leyden 
bottle,  it  seems  likely  that  the  first  body  might  receive  many  times 
as  much  additional  electricity  as  it  would  otherwise  receive  by  the 
same  degree  of  electrification;  and  that  the  second  body  would  lose 
many  times  as  much  electricity  as  it  would  by  the  same  degree  of 
negative  electrification. 

If  the  second  body  be  negatively  electrified,  the  same  effect 
will  be  produced  in  a  greater  degree. 

It  may  also  happen  that  the  second  body  shall  be  made  under- 
charged though  it  is  positively  electrified,  provided  it  be  much  less 
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electrified  than  the  first  body,  and  that  the  two  bodies  be  placed 
near  enough  to  each  other. 

207]  The  shock  produced  by  making  a  communication  be- 
tween the  two  surfaces  of  the  Leyden  vial  seems  owing  only  to  the 
glass  prepared  in  that  manner  containing  vastly  more  electricity  on 
its  positive  side  than  an  equal  surface  of  metal  equally  electrified, 
and  vastly  less  on  its  negative  side  than  the  same  surface  of  metal 
n^iatively  electrified  to  the  same. degree,  so  that  if  two  magazines 
of  electricity  were  prepared,  each  able  to  receive  as  much  additional 
electricity  by  the  same  degree  of  electrification  as  one  of  the  sur- 
&ces  of  a  Leyden  vial,  and  one  of  the  magazines  was  to  be  posi- 
tively electrified  and  the  other  negatively,  there  is  no  doubt  but 
what  as  great  a  shock  would  be  produced  by  making  a  communi- 
cation between  the  two  magazines  as  between  the  two  surfaces  of 
the  Leyden  viaL 

I  think,  therefore,  that  the  phenomena  of  the  Leyden  vial  may 
very  well  be  accounted  for  on  the  principle  of  the  6th  Corollary,  for 
in  the  Leyden  vial  the  two  surfaces  of  the  glass  are  so  near  to- 
gether, that  the  electric  matter  on  one  surface  may  act  with  great 
hroe  on  that  on  the  other,  and  yet  the  electricity  cannot  jump 
firom  one  surfSace  to  the  other,  by  which  means  perhaps  the  posi- 
tive side  may  be  made  many  times  more  overcharged,  and  the 
native  side  many  times  more  uudercharged,  than  it  would  other- 
wise be. 

208]  Hyp.  5  th.  It  seems  reasonable  to  suppose  that  when  the 
electric  fluid  within  any  body  is  more  compressed  than  it  is  in  the 
air  surrounding  it,  it  will  run  out  of  that  body,  and  when  it  is  less 
compressed  it  will  run  into  the  body. 

Cor.  L     Let  the  body  A,  not  electrified,  be  perfectly  insulated, 
and  let  an  overcharged  body  be  brought  near  it.     The  body  A  will 
thereby  be  rendered  less  capable  of  containing  electricity,  and 
therefore  the  electric  fluid  within  it,  as  it  cannot  escape,  will  be 
rendered  more  compressed.     But  the  electricity  in  the  adjoining 
air  will,  for  the  same  reason,  be  also  compressed,  and  in  all  proba- 
bility equally  so,  therefore  the  electricity  will  have  no  disposition 
either  to  run  in  or  out  of  the  body. 

Cor.  II.     It  is  evidently  the  same  thing  whether  A  be  insu- 
lated, or  whether  it  be  not  insulated,  but  electrified  in  such  manner 
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that  the  fluid  within  it  be  as  much  compressed  as  it  was  before  by 
virtue  of  the  insulatioiL  Therefore  if  the  body  A  be  now  not 
insulated,  but  positively  electrified,  and  an  overcharged  body  be 
brought  to  such  a  distance  firom  it  that  the  electric  fluid  in  the 
adjacent  air  be  equally  compressed  with  that  in  A,  such  a  quan- 
tity of  electricity  will  thereby  be  driven  out  of  A  that  it  will  retain 
only  its  natural  quantity.  So  that  A  will  be  neither  overcharged 
nor  undercharged,  nor  will  the  electricity  have  any  disposition  to 
run  either  in  or  out  of  it. 

209]  K  the  overcharged  body  be  now  brought  nearer,  A  will 
become  imdercharged,  and  the  electricity  will  run  into  it  firom  the 
surrounding  air.  If  the  overcharged  body  be  not  brought  so  near 
A  will  be  overcharged,  and  the  electricity  will  run  out  of  it.  K  an 
undercharged  body  be  brought  near  A  it  will  become  more  over- 
charged than  before,  and  the  electricity  will  run  out  stronger  than 
before. 

Cor.  ni.  If  the  body  A  be  negatively  electrified,  and  an 
undercharged  body  be  brought  near  it  till  the  electric  fluid  in  the 
adjoining  air  is  as  much  compressed  as  that  in  the  body  A,  the 
electricity  will  have  no  disposition  to  run  either  in  or  out  of  A,  nor 
will  it  be  either  overcharged  or  undercharged,  as  will  appear  from 
the  same  way  of  reasoning  as  was  used  with  regard  to  the  2nd 
Corollary. 

If  the  undercharged  body  be  now  brought  nearer,  A  will  be- 
come overcharged,  and  the  electricity  will  also  run  out  of  it  If 
the  undercharged  body  be  removed  farther  off,  A  will  become 
undercharged,  and  the  electricity  will  also  run  into  it.  If  an  over- 
charged body  be  brought  near  to  -d,  it  will  become  more  under- 
charged than  before,  and  the  electricity  will  also  run  in  faster  than 
before. 

On  the  whole,  therefore,  it  appears  that  whenever  a  body  is 
undercharged  the  electricity  will  run  into  it,  and  whenever  it  is 
overcharged  it  will  run  out.  • 

210]  It  has  usually  been  supposed  that  two  bodies,  whenever 
the  electricity  either  runs  into  or  out  of  both  of  them,  repel  each 
other ;  but  that  when  it  runs  into  one  and  out  of  the  other,  they 
attract  In  the  beginning  of  this  paper  I  laid  down  a  dififei^nt 
rule  for  the  electric  attraction  and  repulsion,  namely^  that  when 


J 


212]  COMMUNICATION  OF  ELECTRICITT  TO  AIR.  101 

the  two  bodies  are  both  overcharged  or  both  undercharged  they 
repel,  but  attract  when  one  is  overcharged  and  tlie  other  under- 
charged. 

But  by  what  has  been  just  said  it  appears  that  these  two  rules 
agree  together,  or  at  least  if  they  do  differ,  they  differ  so  little  that 
there  is  no  reason  to  think  my  rule  will  agree  less  with  experiment 
than  the  other. 

The  reasoning  here  used  would  have  been  more  satisfactory  if 
the  bodies  were  capable  of  containing  electricity  only  on  one  side, 
namely,  on  that  which  is  turned  towards  the  other  body.  But  I 
do  not  imagine,  however,  that  this  will  make  much  difference  in 
the  effect. 

211]  What  has  been  here  said  holds  good  only  in  cases  where 
the  size  of  the  body  A  is  small  in  respect  of  the  distance  of  the 
electrified  body  firom  it,  so  that  the  influence  of  the  electrified  body 
may  be  nearly  the  same  on  all  parts  of  the  body  ^  as  is  the  case 
in  bits  of  cork  held  near  an  excited  tube ;  but  when  the  size  of  the 
body  A  is  such  that  the  influence  of  the  electrified  body  may  be 
much  greater  on  that  part  of  A  which  is  directly  under  it  than  on 
that  which  is  fiEurther  removed  from  it,  as  is  the  case  in  electrifying 
a  prime  conductor  by  an  excited  tube,  then  the  case  is  very  dif- 
ferent, for  then  on  approaching  the  electrified  tube,  part  of  the 
electric  fluid  will  be  driven  away  from  that  part  of  the  i)rime  con- 
ductor which  is  nearest  the  excited  tube  to  the  remoter  parts  where 
its  influence  is  weaker,  whereby  that  part  of  the  conductor  nearest 
the  tube  will  be  undercharged,  and  consequently  the  compression 
of  the  electric  fluid  in  that  part  will  be  less  than  in  the  contiguous 
air,  consequently  some  electric  matter  will  flow  into  it  from  the 
adjoining  air,  whereby  the  conductor  will  be  overcharged,  and 
therefore  on  taking  away  the  tube  will  be  positively  electrified. 

Thus  if  the  excited  tube  or  other  electrified  body  is  not  brought 
within  a  certain  distance,  the  conductor  receives  its  electricity  only 
from  the  contiguous  air,  as  was  before  said,  and  not  immediately 
from  the  electrified  body ;  but  if  the  body  be  brought  near  enough, 
the  electric  matter  jumps  from  the  electrified  body  to  the  con- 
ductor in  form  of  a  spark. 

212]  The  means  by  which  this  is  brought  about  seems  thus — 
When  the  part  of  the  conductor  nearest  the  excited  tube  has 
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received  any  electricity  from  the  contiguous  air,  that  air  will  be 
undercharged,  and  will  receive  electricity  from  the  adjacent  air 
between  it  and  the  tube,  by  which  means  the  electric  matter  will 
flow  in  gentle  current  between  the  particles  of  air  fix)m  the  excited 
tube  to  the  conductor.  It  seems  now  as  if  the  particles  of  air  were 
by  this  means  made  to  repel  each  other  with  more  force,  and 
thereby  to  become  rarer,  this  will  suffer  the  electric  fluid  to  flow  in 
a  swifter  current,  which  again  will  increase  the  repulsion  of  the 
particles  of  air,  till  at  last  a  vacuum  is  made,  upon  which  the  elec- 
tric fluid  jumps  in  a  continued  body  to  the  conductor. 

213]  That  a  vacuum  is  formed  by  the  electric  fluid  when  it 
passes  in  the  form  of  a  spark  through  air  or  water  appears,  I  think, 
from  the  violent  rising  of  the  water  in  Mr  Kinnersley's  electrical 
air-thermometer  (Priestley,  p.  216),  and  still  more  strongly  from 
the  bursting  the  vial  of  water,  in  Mr  Lane's  experiment,  by  making 
the  electrical  fluid  pass  through  the  water  in  the  form  of  a  spark. 

If  I  am  not  much  mistaken  I  have  frequently  observed,  in  dis- 
charging a  Leyden  vial,  that  if  the  two  knobs  are  approached 
together  very  gently,  a  hissing  noise  may  be  perceived  before  the 
spark,  which  shews  that  the  electricity  does  begin  to  flow  from  one 
knob  to  the  other  before  it  moves  in  the  form  of  the  spark,  and 
may  therefore  induce  one  to  think  that  the  spark  is  brought  about 
in  the  gradual  manner  here  described, 

214]  The  attraction  and  repulsion  of  electrified  bodies,  ac- 
cording to  the  law  I  have  laid  down,  may  perhaps  be  accounted  for 
in  the  following  manner.  Let  a  fluid  consisting  of  particles  mutu- 
ally repelling  each  other,  and  whose  repulsion  extends  to  consider- 
able distances,  be  spread  uniformly  all  over  the  globe,  except  in  the 
space  A,  which  we  will  suppose  to  contain  more  than  its  proper 
quantity  of  the  fluid.  The  fluid  placed  in  any  space  B  within 
reach  of  the  repulsion  of  A  will  be  repelled  from  A  with  more 
force  than  it  will  [be]  in  any  other  direction.  But  as  it  cannot  re- 
cede from  A  without  an  equal  quantity  of  the  fluid  coming  into  its 
room  which  will  be  equally  repelled  from  -4,  it  is  plain  that  it  will 
have  no  tendency  to  recede  from  A,  any  more  than  a  body  of  the 
same  specific  gravity  as  water  has  any  tendency  to  sink  in  water. 
Let  now  the  space  B  be  made  to  contain  more  than  its  natural 
quantity  of  this  fluid,  it  will  then  really  have  a  tendency  to  recede 
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firom  A,  or  will  appear  to  be  repelled  by  it,  just  as  a  body  heavier 
than  water  tends  to  descend  in  it,  and,  on  the  contrary,  if  B  is 
made  to  contain  less  than  its  natural  quantity  of  the  fluid,  it  will 
have  a  tendency  towards  A,  or  will  appear  to  be  attracted  by  it. 

215]  Let  now  the  space  A  be  made  to  contain  less  than  its 
natniBl  quantity  of  the  fluid  (as  the  fluid  in  B  is  now  repelled  from 
A  with  less  force  than  it  is  in  any  other  direction,  id  est,  apparently 
attracted  towards  it),  if  B  also  contain  less  than  its  natural  quan- 
tity of  the  fluid  it  will  tend  to  recede  from  A,  id  est,  appear  to  be 
repelled  by  it ;  but  if  B  contain  more  than  its  natural  quantity,  it 
will  then  tend  to  approach  towards  A,  id  est,  appear  to  be  attracted 
by  it. 

216]  If  the  electric  fluid  is  diffused  uniformly  through  all 
bodies  not  appearing  electrical  and  the  repulsion  of  its  particles 
extends  to  considerable  distances,  it  is  plain  that  the  consequences 
are  such  as  are  here  described ;  but  how  far  that  supposition  will 
agree  with  experiment  I  am  in  doubt  *. 

•  [Note  18.] 


EXPERIMENTS  ON  ELECTRICITY. 


EXPERIMENTAL  DETERMINATION  OF  THE  LAW 
OF  ELECTRIC  FORCE.. 

S17]  I  now  proceed  to  give  an  account  of  the  ezperiments,  in 
all  of  which  I  shall  suppose,  according  to  the  received  opinion,  that 
the  electricity  of  glass  is  positive,  but  it  is  not  at  all  nLaterial  to  the 
purpose  of  this  paper  whether  it  is  so  or  not,  for  if  it  was  negative, 
all  the  experiments  would  agree  equally  well  with  the  theory. 

218]  Experiment  L  The  intention  of  the  following  experi- 
ment was  to  find  out  whether,  when  a  hollow  globe  ia  electrified. 
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a  smaller  globe  inclosed  within  it  and  communicating  with  the 
crater  one  by  some  conducting  substance  is  rendered  at  all  over  or 
onderchai^ged ;  and  thereby  to  discover  the  law  of  the  electric 
attraction  and  repulsion. 

219]  I  took  a  globe  121  inches  in  diameter,  and  suspended 
it  by  a  solid  stick  of  glass  run  through  the  middle  of  it  as  an  axis, 
and  covered  with  sealing-wax  to  make  it  a  more  perfect  non- 
conductor of  electricity.  I  then  inclosed  this  globe  between  two 
hollow  pasteboard  hemispheres,  13*3  inches  in  diameter,  and  about 
^  of  an  inch  thick,  in  such  manner  that  there  could  hardly  be  less 
than  -^  of  an  inch  distance  between  the  globe  and  the  inner 
sar&ce  of  the  hemispheres  in  any  part,  the  two  hemispheres  being 
applied  to  each  other  so  as  to  form  a  complete  sphere,  and  the 
edges  made  to  fit  as  close  as  possible,  notches  being  cut  in  each  of 
them  so  as  to  form  holes  for  the  stick  of  glass  to  pass  through. 

By  this  means  I  had  an  inner  globe  included  within  an  hollow 
globe  in  such  manner  that  there  was  no  communication  by  which 
the  electricity  could  pass  from  one  to  the  other. 

I  then  made  a  communication  between  them  by  a  piece  of  wire 
run  through  one  of  the  hemispheres  and  touching  the  inner  globe, 
a  piece  of  silk  string  being  fastened  to  the  end  of  the  wire,  by 
which  I  could  draw  it  out  at  pleasure. 

220]  Having  done  this  I  electrified  the  hemispheres  by  means 
of  a  wire  communicating  with  the  positive  side  of  a  Leyden  vial, 
and  then,  having  withdrawn  this  wire,  immediately  drew  out  the 
wire  which  made  a  communication  between  the  inner  globe  and 
the  outer  one,  which,  as  it  was  drawn  away  by  a  silk  string,  could 
not  discharge  the  electricity  cither  of  the  globe  or  hemispheres. 
I  then  instantly  separated  the  two  hemispheres,  taking  care  in 
doing  it  that  they  should  not  touch  the  inner  globe,  and  applied  a 
pair  of  small  pith  balls,  suspended  by  fine  linen  threads,  to  the 
inner  globe,  to  see  whether  it  was  at  all  over  or  undercharged, 

221]  For  the  more  convenient  performing  this  operation,  I 
made  use  of  the  following  apparatus.  It  is  more  complicated, 
indeed,  than  was  necessary,  but  as  the  experiment  was  of  great 
importance  to  my  purpose,  I  was  willing  to  try  it  in  the  most 
aocorate  manner. 


ABCDEFandt  AbcDef  {Fig.  12)  are  two  frames  of  wood  of  the 
same  size  and  shape,  supported  by  hinges  at  A  and  D  in  such 
maimer  that  each  fr^me  is  moveable  on  the  horizontal  line  AD 
as  an  axis.  H  is  one  of  the  hemispheres,  fastened  to  the  frame 
ABOD  by  the  four  sticks  of  glass  Mm,  Nn,  Pp,  and  Rr,  covered 
with  sealing-wax.  h  is  the  other  hemisphere  fastened  in  the  same 
manner  to  the  frame  AbcD.  Cf  is  the  inner  globe,  suspended  by 
the  horizontal  stick  of  glass  Sa,  the  frame  of  wood  by  which  Ss 
and  the  hinges  at  A  and  D  are  supported  being  not  represented 
in  the  figure  to  avoid  confusion. 

2%  is  a  stick  of  glass  with  a  slip  of  tinfoil  bound  round  it  at  at, 
the  place  where  it  is  intended  to  touch  the  globe,  and  the  pith 
balls  are  suspended  from  the  tinfoil. 

The  hemispheres  were  fixed  within  their  frames  in  such  manner 
that  when  the  frames  were  brought  near  together  the  edges  of  the 
hemispheres  touched  each  other  all  round  as  near  as  might  be,  so 
as  to  form  a  complete  sphere,  and  so  that  the  inner  globe  was 
inclosed  within  them  without  anywhere  touching  them,  but  on  the 
contrary  being  at  nearly  the  same  distance  from  them  in  all  parts. 
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222]  It  was  also  so  contrived,  by  means  of  (liferent  strings, 
that  the  same  motion  of  the  hand  which  drew  away  the  wire  by 
which  the  hemispheres  were  electrifie<l,  immediately  after  that  was 
done,  drew  out  the  wire  which  made  the  communication  between 
the  hemispheres  and  the  inner  globe,  and  immeiliatc'ly  after  that 
was  drawn  out,  .separated  the  hemispheres  from  each  other  and 
approaclied  the  stick  of  glass  Tt  to  the  inner  globe.  It  was  also 
contrived  so  that  the  electricity  of  the  hemispheres  and  of  the 
wire  by  which  they  were  electrified  was  discharged  as  soon  as 
they  were  separated  from  each  other,  as  otherwise  thtjir  repulsion 
might  have  made  the  pith  balls  to  separate,  though  the  inner 
globe  was  not  at  all  overcharged. 

The  inner  globe  and  hemispheres  were  also  both  coated  with 
tinfoil  to  make  them  the  more  perfect  conductors  of  electricity. 

223]  In  trying  the  experiments  a  coated  glass  jar  was  con- 
nected to  the  wire  by  which  the  hemispheres  were  electrified,  and 
this  wire  was  withdrawn  so  as  not  to  touch  the  hemispheres  till 
the  jar  was  sufficiently  charged.  It  was  then  suffered  to  rest  on 
them  for  two  or  three  seconds  and  then  witlidrawn,  and  the 
hemis])heres  separated  as  above  described. 

224]  An  electrometer  also  was  fastened  to  the  prime  con- 
ductor by  which  the  coated  jar  was  electrified,  by  which  means 
the  jar  and  conseijuently  the  hemispheres  were  always  electrified 
in  the  same  degree.  Tliis  electrometer  as  well  as  the  pith  balls 
will  be  described  in  [Arts.  244?  and  248] ;  the  strength  of  the 
electricity  was  the  same  as  was  commonly  used  in  the  following 
experiments,  and  is  described  in  [Arts.  2G3,  329,  359,  520]. 

225]  My  reason  for  using  the  glass  jar  was  that  without  it 
it  would  have  been  difficult  either  to  have  known  to  what  desrrce 
the  hemispheres  were  electrified  or  to  have  kept  the  electricity  of 
the  same  strength  for  a  second  or  two  together,  and  if  the  wire  had 
been  suffered  to  have  restetl  on  the  hemispheres  while  the  jar  w^as 
charging,  I  was  afraid  that  the  electricity  might  have  spread  itself 
gradually  on  the  sticks  of  glass  which  supixn-ted  the  globe  and 
hemispheres,  which  might  have  made  some  error  in  the  ex- 
periment. 

226]     From  this  manner  of  trying  the  exix?riment  it  appears : 
First,  that  at  the  time  the  hemispheres  are  electrified,  there  is 
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a  perfect  communication  by  metal  between  them  and  the  inner 
globe,  so  that  the  electricity  has  free  liberty  to  enter  the  inner 
globe  if  it  has  any  disposition  to  do  so,  and  moreover  that  this 
communication  is  not  taken  away  till  after  the  wire  by  which  the 
hemispheres  are  electrified  is  removed. 

Secondly,  before  the  hemispheres  begin  to  be  separated  from 
each  other,  the  wire  which  makes  the  communication  between 
them  and  the  globe  is  taken  away,  so  that  there  is  no  longer  any 
communication  between  them  by  any  conducting  substance. 

Thirdly,  from  the  manner  in  which  the  operation  is  performed, 
it  is  impossible  for  the  hemispheres  to  touch  the  inner  globe  while 
they  are  removing,  or  even  to  come  within  ^^  ths  of  an  inch  of  it. 

And  Fourthly,  the  whole  time  of  performing  the  operation  is 
so  short,  that  no  sensible  quantity  of  electricity  can  escape  from 
the  inner  globe,  between  the  time  of  taking  away  the  communi- 
cation between  that  and  the  hemispheres,  and  the  approaching  the 
pith  balls  to  it,  so  that  the  quantity  of  electricity  in  the  globe 
when  the  pith  balls  are  approached  to  it  cannot  be  sensibly  dif- 
ferent from  what  it  is  when  it  is  inclosed  within  the  hemispheres 
and  communicating  with  them. 

227]  The  result  was,  that  though  the  experiment  was  re- 
peated several  times*,  I  could  never  perceive  the  pith  balls  to 
separate  or  show  any  signs  of  electricity. 

228]  That  I  might  perceive  a  more  minute  degree  of  elec- 
tricity in  the  inner  globe,  I  tried  the  experiment  in  a  different 
manner,  namely,  before  the  hemispheres  were  electrified,  I  electri- 
fied the  pith  balls  positively,  making  them  separate  about  one 
inch.  When  the  hemispheres  were  then  separated,  and  the  tin- 
foil, ir,  brought  in  contact  with  the  globe,  and  consequently  the 
electricity  of  the  pith  balls  communicated  to  the  globe,  they  still 
continued  to  separate,  though  but  just  sensibly.  I  then  repeated 
the  experiment  in  the  same  manner,  except  that  the  pith  balls 
were  negatively  electrified  in  the  same  degree  that  they  before 
were  positively.  They  still  separated  negatively  after  being 
brought  in  contact  with  the  globe,  and  in  the  same  degree  that 
they  before  did  positively. 

[*  Deo.  18—24, 1772,  Axis.  512,  618,  and  April  4, 1778,  Art  568.] 
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229]  It  must  be  observed  that  if  the  globe  was  at  all  over- 
chaiged  the  pith  balls  should  separate  further  when  they  were 
previously  positively  electrified  than  when  negatively,  as  in  the 
first  case  the  pith  balls  must  evidently  separate  further  than  they 
would  do  if  the  globe  was  not  overcharged,  and  in  the  latter 
case  less. 

Moreover,  a  much  smaller  degree  of  electricity  may  be  per- 
ceived in  the  globe  by  this  manner  of  trying  the  experiment  than 
the  former^  for  when  the  pith  balls  have  already  got  a  sufficient 
quantity  of  electricity  in  them  to  make  them  separate,  a  sensible 
difference  will  be  produced  in  their  degree  of  divergence  by  the 
addition  of  a  quantity  of  fluid  several  times  less  than  what  was 
necessary  to  make  them  separate  at  first.  It  is  plain  that  this 
method  of  trying  the  experiment  is  not  just,  unless  the  hemi- 
spheres are  electrified  in  nearly  the  same  degree  when  the  pith 
balls  are  previously  electrified  positively  as  when  negatively,  which 
was  provided  for  by  the  electrometer. 

230]  In  order  to  find  how  small  a  quantity  of  electricity  in 
the  inner  globe  might  have  been  discovered  by  this  experiment,  I 
took  away  the  hemispheres  with  their  frames,  leaving  the  globe 
and  the  pith  balls  as  before.  I  then  took  a  piece  of  glass,  coated 
as  a  Leyden  vial,  which  I  knew  by  experiment  contained  not  more 
than  ^g  th  of  the  quantity  of  redundant  fluid  on  its  positive  side 
that  the  jar  by  which  the  hemispheres  were  electrified  did,  when 
both  were  charged  from  the  same  conductor. 

I  then  electrified  this  coated  plate  to  the  same  degree,  as 
shewn  by  the  electrometer,  that  the  jar  was  in  the  former  experi- 
ment, and  then  separated  it  from  the  prime  conductor,  and  com- 
municated its  electricity  to  the  jar,  which  was  not  at  all  electrified. 
Consequently  the  jar  contained  only  ^  th  part  of  the  redundant 
flaid  in  this  experiment  that  it  did  in  the  former,  for  the  coated 
plate  and  jar  together  contained  only  ^  th,  and  therefore  the  jar 
alone  contained  only  ^  th. 

By  means  of  this  jar,  thus  electrified,  I  electrified  the  globe  in 
the  same  manner  that  the  hemispheres  were  in  the  former  ex|)eri- 
ment,  and  immediately  after  the  electrifying  wire  w«s  withdrawn, 
approached  the  pith  balls.  The  result  was  that  by  previously 
electrifying  the  balls,  as  in  the  second  way  of  trying  the  experi- 
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meut,  the  electricity  of  the  globe  was  very  manifest,  as  the  balls 
separated  very  sensibly  more  when  they  were  previously  electrified 
positively  than  when  negatively,  but  the  electricity  of  the  globe 
was  not  sufficient  to  make  the  balls  separate,  unless  they  were 
previously  electrified. 

It  is  plain  that  the  quantity  of  redundant  fluid  communicated 
to  the  globe  in  this  experiment  was  less  than  ^th  part  of  that 
communicated  to  the  hemispheres  in  the  former  experiment,  for  if 
the  hemispheres  themselves  had  been  electrified  they  would  have 
received  only  ^  th  of  the  redundant  fluid  they  did  before,  and  the 
globe,  as  being  less,  received  still  less  electricity. 

231]  It  appears,  therefore,  that  if  a  globe  12*1  inches  in  dia- 
meter is  inclosed  within  a  hollow  globe  13*3  inches  in  diameter, 
and  communicates  with  it  by  some  conducting  substance,  and  the 
whole  is  positively  electrified,  the  quantity  of  redundant  fluid 
lodged  in  the  inner  globe  is  certainly  less  than  ^  th  of  that  lodged 
in  the  outer  globe,  and  that  there  is  no  reason  to  think  from  any 
circumstance  of  the  experiment  that  the  inner  globe  is  at  all 
overcharged. 

232]  Hence  it  follows  that  the  electric  attraction  and  repul- 
sion must  be  inversely  as  the  square  of  the  distance,  and  that 
when  a  globe  is  positively  electrified,  the  redundant  fluid  in  it  is 
lodged  intirely  on  its  surface. 

For  by  Prop.  V.  [Art.  20],  if  it  is  according  to  this  law,  the 
whole  redundant  fluid  ought  to  be  lodged  on  the  outer  surface  of 
the  hemispheres,  and  the  inner  globe  ought  not  to  be  at  all  over 
or  undercharged,  whereas,  if  it  is  inversely  as  some  higher  power 
of  the  distance  than  the  square,  the  inner  globe  ought  to  be  in 
some  degree  overcharged. 

233]  For  let  ADB  (Fig.  13)  be  the  hemispheres  and  adb  the 
inner  globe,  and  Aa  the  wire  by  which  a  communication  is  made  be- 
tween them.  By  Lemma  IV.  [Art.  18],  if  the  electric  attraction  and 
repulsion  is  inversely  as  some  higher  power  of  the  distance  than 
the  square,  the  redundant  fluid  in  ABD  repels  a  particle  of  fluid 
placed  anywhere  in  the  wire  Aa  towards  the  center,  and  conse- 
quently, unless  the  inner  globe  was  sufficiently  overcharged  to 
prevent  it,  some  fluid  would  flow  from  the  hemispheres  to  the 
globe. 


2S4]  ON  THE  LAW  OF  ELECTRIC  FORCE.  Ill 

Fig.  13. 


But  if  the  electric  attraction  and  repulsion  is  inversely  as  some 
lower  power  of  the  distance  than  the  square,  the  redundant  fluid 
m  ABD  impels  the  particle  in  the  contrary  direction,  that  is,  from 
the  center,  and  therefore  the  inner  glohe  must  be  undercharged. 

234]  In  order  to  form  some  estimate  how  much  the  law  of 
the  electric  attraction  and  repulsion  may  differ  from  that  of  the 
inverse  duplicate  ratio  of  the  distances  without  its  having  been 
perceived  in  this  experiment,  let  -47  be  a  diameter  of  the  two 
concentric  spheres  ABD  and  ahd,  and  let  J. a  be  bisected  in  e. 
At  in  this  experiment  was  about  '35  of  an  inch  and  Te  131  inches, 
therefore  if  the  electric  attraction  and  repulsion  is  inversely  as  the 
2  +  ^th  power  of  the  distance,  it  may  be  shewn  that  the  force 
with  which  the  redundant  fluid  in  ABD  repels  a  particle  at  e  to- 
wards the  center  is  to  that  with  which  the  same  quantity  of  fluid 
collected  in  the  center  would  repel  it  in  the  contrary  direction  as  1 
to  57- 

But  as  the  law  of  repulsion  difiers  so  little  from  the  inverse  du- 
plicate ratio,  the  redundant  fluid  in  the  inner  globe  will  repel  the 
point  e  with  very  nearly  the  same  force  as  if  it  was  all  collected  in 
the  center,  and  therefore  if  the  redundant  fluid  in  the  imier  globe 
is  ^th  part  of  that  in  ABD  the  particle  at  e  will  be  in  equilibrio, 
and  as  tf  is  placed  in  the  middle  between  A  and  a,  there  is  the 
utmost  reason  to  think  that  the  fluid  in  the  whole  wire  Aa  will  be 
so  toa  We  may  therefore  conclude  that  the  electric  attraction  and 
repulsion  must  be  inversely  as  some  power  of  the  distance  between 
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that  of  the  2  +  ^  th  and  that  of  the  2  —  ^  th,  and  there  is  no  rea- 
son to  think  that  it  differs  at  all  from  the  inverse  duplicate  ratio*. 

235]  Experiment  II.  A  similar  experiment  was  tried  with  a 
piece  of  wood  12  inches  square  and  2  inches  thick,  inclosed  be- 
tween two  wooden  drawers  each  14  inches  square  and  2  inches 
deep  on  the  outside,  so  as  to  form  together  a  hollow  box  14  inches 
square  and  4  thick,  the  wood  of  which  it  was  composed  being 
•5  to  "3  of  an  inch  thick. 

The  experiment  was  tried  in  just  the  same  manner  as  the 
former.  I  could  not  perceive  the  inner  box  to  be  at  all  over  or 
undercharged,  which  is  a  confirmation  of  what  was  supposed  at 
the  end  of  Prop.  IX.  [Art.  41] — that  when  a  body  of  any  shape  is 
overcharged,  the  redundant  fluid  is  lodged  entirely  on  the  siir&oe, 
supposing  the  electric  attraction  and  repulsion  to  be  inversely  as 
the  square  of  the  distance  "f". 


6e- 


+r 


or  may  be  represented  thereby,  but 

V  =  (cf  -  a;)«  +  a;  (2a  +  2(f  -  a?) 
therefore  the  fluxion  of  the  repulsion  is 

x{d  —  x) 

(^•  +  2aa;)« 


Fig.  18  a. 


DEMONSTRATION  OF  COMPUTATIONS  IN  [Art.    234]. 

Let  aef  be  a  sphere,  c  its  center,  b  any 
point  within  it,  q/*  a  diameter,  Ee  any  plane 
perpendicular  to  ctf. 

Let  cb  =  a,  6a  =  c?,  b/=  a  and  ad  —  x,  and 
let  the  repulsion  be  inversely  as  the  n  power 
of  the  distance.  The  convex  surface  of  the 
segment  Eae  is  to  that  of  the  whole  globe  as 
ad  :  afy  and  therefore  if  the  point  d  is  sup- 
posed to  flow  towards  f,  the  fluxion  of  the 
surface  Eae  is  proportional  to  a;,  and  the 
fluxion  of  its  repulsion  on  6  in  the  direction 
dc  is  propoi-tional  to 

x{d'-x) 


c?*  +  2aar, 


[Note  19.] 


t  [Art.  561.] 
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the  Tuiable  part  of  the  fluent  of  which  is 


•>« 


hot  when  x  is  nothing,  er  +  2aa?,  or  h^  =  (P,  and  when  x  =  qf,  or  a  +  d, 
it » J*,  therefore  the  whole  fluent  generated  while  b  moves  from  a  to 

^ad  +  tr   /  1 1^\      (T- - <*-» 

2a»  (w  - 1)  \dr-'     «^-7  '*'  2a' (3  -  n) ' 

but  the  repulsion  of  all  the  fluid  collected  in  the  center  on  b 

8  +  d 


or    ' 


•  s-d 

■nd  ^=-2"» 

and  2ad'^d^  =  d8, 

therefore  the  repulsion  of  the  surface  of  the  globe  is  to  that  of  the  same 
quantity  of  fluid  collected  in  the  center  as 

ds       ^"-d^'     d^^^     2{8  +  d) 
n-l"^     (dsy-"    ■*■     3-71      ''     or'     ' 

***  {n-l){dsy-''^     3-.W      ''    («-c^r*' 

or  dividing  by  «•"",  as 


+  -i=;^H ^-TT^i-^i—^)      2 


<r-'(w-l)     «(w-l)     «'-"(3-7i)     3-n*     8 

eras  ^'  ""^+^1""^  :  0 +/>)  2""*  (1 -/>)'■", 

n— 1  3-n        >      -^/         V      -r/ 

supposing  —  to  be  called  p. 


(^) 


»«•-! 


M.  8 


[EXPERIMENTS  ON  THE  CHARGES  OF  BODIES.] 


236]  The  intention  of  the  remaining  experiments  was  to  find 
out  the  proportion  which  the  quantity  of  redundant  fluid  in  bodies 
of  several  different  shapes  and  sizes  would  bear  to  each  other  if 
placed  at  a  considerable  distance  from  each  other  and  connected 
together  by  a  slender  wire,  or,  which  comes  to  the  same  thing, 
to  find  the  proportion  which  the  quantity  of  redundant  fluid  in 
them  would  bear  to  each  other  if  they  wore  successively  connected 
by  a  slender  wire  to  a  third  body  placed  at  a  great  distance  firom 
them,  supposing  the  quantity  of  redimdant  fluid  in  the  third  body 
to  be  the  same  each  time ;  and  to  examine  how  fiir  that  proportion 
agrees  with  what  it  should  be  by  theory  if  the  bodies  were  con- 
nected by  canals  of  incompressible  fluid. 

237]  To  avoid  circumlocution  I  shall  frequently  in  the  fol- 
lowing pages  make  use  of  a  term  the  meaning  of  which  is  given  in 
the  following  definition. 

Dkp.  When  in  relating  any  experiment  in  which  two  bodies 
B  and  b  were  successively  connected  to  a  third  body  and  over- 
charged, I  say  that  the  charge  of  B  was  found  to  be  to  that  of  b 
as  P  to  1, 1  mean  that  the  quantity  of  redundant  fluid  in  B  would 
have  been  to  that  in  b  in  the  above  proportion,  provided  the 
quantity  of  redundant  fluid  in  the  third  body  was  exactly  the 
same  each  time,  everything  else  being  exactly  the  same  as  in  the 
experiment,  that  is,  the  bodies  being  situated  exactly  as  in  the 
experiment.  But  when  I  say  simply  that  the  charge  of  one  body 
is  to  tliat  of  another  in  any  particular  proportion,  for  instance, 
when  I  say  that  the  charge  of  a  tliin  circular  plate  is  to  that 
of  a  globe  of  the  same  diameter  as  1  to  1*57, 1  would  be  under- 
stood to  mean  that  if  the  circular  plate  and  globe  are  successively 
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r'if)nci?ted  to  a  third  body  by  a  thin  wire  the  redundant  fluid  in 
liic  plate  would  be  to  that  in  the  globe  in  tliat  proportion,  pro- 
ridt-d  ibey  were  placed  at  a  very  great  distance  both  from  the 
third  body  and  from  any  other  over-  or  undercharged  matter, 
uid  that  the  quantity  of  redundant  fluid  in  the  third  body  was 
exactly  the  aame  each  time. 

338]  The  method  I  took  in  nuking  these  experimenta  waa 
by  comparing  each  of  the  two  bodies  I  wanted  to  examine,  or  B 
ud  &  as  I  shall  call  them,  one  after  another  with  a  third  body, 
which  I  shall  call  the  trial  plate,  in  this  manner,  I  took  two 
Leydeo  vials  and  charged  both  of  them  from  the  same  conductor; 
1  then  electrified  B  positively  by  the  inside  of  one  of  the  vials,  and 
at  the  same  time  electrified  the  trial  plate  negatively  by  the  coat- 
ing of  the  other  vial.  Having  done  this  I  tried  whether  the 
redoodant  fluid  in  B  was  more  or  less  than  suihcient  to  saturate 
lie  redunilant  matter  in  the  trial  plate,  by  making  a  communica- 
tion between  them  by  a  piece  of  wire ;  for  if  the  redundant  fluid 
in  B  vas  more  than  sufficient  to  saturate  the  redundant  matter  in 
the  trial  plate,  they  would  both  be  overcharged  after  the  communi- 
slion  was  made  between  them ;  if,  on  the  other  hand,  the  redun- 
dmt  fluid  in  B  was  not  sufficient  to  saturate  the  redundant 
matter  in  the  trial  plate,  they  would  be  undercharged.     Having  by 

le  means  found  what  size  the  trial  plate  must  be  made  so  that 

redundant  matter  in  it  should  be  just  sufficient  to  saturate  the 
lundant  fluid  in  B,  I  tried  the  body  b  in  the  same  manner,  and 

found  that  it  required  the  trial  plate  to  be  of  the  same  size  in 

ir  that  the  redundant  matter  in  it  should  be  Just  suSicient  to 

tte  the  redundant  fluid  in  b,  I  was  well  assured  that  if  B  and 

guccessivcly  made  to  communicate  with  a  third  body  and 

[lively  electrified  they  would  each  of  them  contain  the  same 
itity  of  fluid,  supposing  the  quantity  of  redundant  fluid  in  the 
thin)  body  to  be  the  same  each  time ;  that  ia,  that  the  charge  of 
B  was  equal  to  that  of  b. 

Having  thus  given  a  general  idea  of  the  method  I  used,  I 
proceed  to  describe  it  more  particularly. 

239]  The  trial  plates  I  made  use  of  consisted  of  two  flat  tin 
plstcA  ADCD  and  abed  (Fig.  15),  made  to  .slide  one  upon  the 
other,  so  that  by  making  the  side  ic  of  one  plate  extend  more  or 
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[240 


less  beyond  the  side  BC  of  the  other  it  formed  a  plate  of  a  greater 
or  leas  size,  and  which  consequently  contained  more  or  less 
electricity* 
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240]  The  apparatus  used  in  making  these  experiments  is 
represented  in  Fig.  14,  where  the  parallelogram  T  represents  the 
trial  plate  and  B  one  of  the  bodies  to  be  compared  together,  each 
supported  on  non-conductora  dDS  is  the  wire  for  making  a  com- 
munication between  them,  having  a  joint  in  it  at  2>,  where  it  is 
supported  by  a  non-conductor,  and  where  are  also  himg  two  small 
pith  balls  to  show  whether  B  and  T  are  over-  or  undercharged 
after  the  communication  is  made  between  them.  A  and  a  are  the 
two  vials ;  Eeia  B,  wire  communicating  with  the  inside  coating  of 
A,  aCc  a  wire  communicating  with  the  same  coating  of  a;  and 
Ffand  Og  are  wires  fastened  to  the  outside  coating  of  a;  RrBa  is 
a  wire  for  making  a  communication  between  B  and  the  vial  A^ 
having  joints  in  it  at  R  and  /9,  where  it  is  supported  by  non- 
conductors, and  mMNn  is  another  wire  of  the  same  kind  for 
making  a  communication  between  Tand  the  vial  a.t 

241]  In  order  to  try  the  experiment  I  proceed  in  this  manner: 
the  wires  Dd  and  Dh  are  lifted  off  from  the  plates  B  and  T  so  as 
not  to  touch  them,  and  consequently  so  that  there  is  no  communi- 
cation between  B  and  T:  the  wires  Rr  and  Mm  are  suffered  to 
rest  on  B  and  T,  and  the  wires  Sa  and  Nn  are  lifted  up  so  as  not 
to  touch  Ee  and  Ff,  The  vials  are  then  charged  by  means  of  the 
wire  hi  which  rests  on  Ee  and  Cb,  and  communicates  by  the  wire 

*  [See  tabldfor  trial  plftto  at  Art.  468.]  f  (See  plan,  Rg.  17».  p.  1S8.] 
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Pp  with  the  prime  conductor,  a  communication  being  made  be- 
tween the  outside  of  the  vial  A  and  the  ground,  and  the  vial  a 
being  made  to  communicate  with  the  ground  by  the  wire  ayz^ 
which  rests  on  Og^  and  is  suspended  from  the  wire  ht  by  silk 
strings  represented  in  the  figure  by  dotted  lines.  When  the  vials 
are  sufficiently  charged,  the  wire  ht  is  lifted  up  till  a:^  bears  against 
the  bottom  of  Cc,  xy  being  still  suffered  to  communicate  with  the 
ground  as  before,  and  the  communication  between  the  outside  of 
the  vial  A  and  the  ground  being  still  preserved.  At  the  same 
time  the  wires  Ss  and  Nn  are  let  fall  upon  Ee  and  Ff.  For  the 
sake  of  doing  this  more  commodiously  I  make  use  of  the  silk 
strings  represented  in  the  figure  by  dotted  lines  and  passing  over 
the  pulley  H,  A  weight  is  fastened  to  the  string  at  w^  which  is 
supported  while  the  vials  are  charging  in  such  manner  that  the 
wires  Sa  and  Nn  are  lifted  up  so  as  not  to  touch  Ee  and  Ff,  and 
the  wire  ht  is  suffered  to  rest  on  Ee  and  Cc,  and  the  wire  xy  on 
Og ;  and  when  the  vials  are  sufficiently  charged  the  weight  is  let 
down,  by  which  means  Be  and  Nn  are  suffered  to  fall  down  upon 
Ee  and  Ff,  and  the  wire  ht  is  lifted  up  till  xy  bears  against  the 
bottom  of  (7c. 

242]  From  what  has  been  said  it  appears  that  whilst  the  vials 
were  charging,  the  outsides  of  each  of  them  communicated  with 
the  ground,  and  consequently  the  inside  of  each  vial  is  over- 
charged and  the  outside  undercharged.  As  soon  as  the  vials 
are  charged  the  communication  of  each  of  them  with  the-  prime 
conductor  is  taken  away,  and  at  the  same  time  the  communication 
between  the  outside  of  the  vial  a  and  the  ground  is  taken  away, 
so  that  it  is  intirely  insulated,  and,  immediately  after,  a  com- 
munication is  made  between  its  inside  and  the  ground,  and  at  the 
same  time  the  body  B  is  made  to  communicate  with  the  inside  of 
the  vial  A,  and  the  trial  plate  with  the  outside  of  the  vial  a; 
consequently  the  body  B  will  be  overcharged  as  it  communi- 
cates with  the  overcharged  part  of  the  vial  -4,  while  the  under- 
charged side  communicates  with  the  ground ;  and  the  trial  plate 
will  be  undercharged,  as  it  communicates  with  the  underchaiged 
side  of  the  vial  a,  while  the  overcharged  side  communicates  with 
the  ground. 

Immediately  after  this  operation  is  performed  the  wires  Br 
^d  Mm  are  lifted  up,  so  as  to  cut  off  the  communicatioiis  c^  the 
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bodies  li  and  T  with  the  vials,  and,  instantly  after,  the  wires  Dd 
and  Dt  are  let  down,  so  aa  to  make  a  communication  between  the 
body  B  and  the  trial  plate.  For  the  sake  of  expeditioa  this  opera- 
tion was  performed  nearly  in  the  same  manner  as  the  former,  by 
means  of  the  silk  strings  passing  over  the  pullies  L  and  I,  and  repre- 
sented in  the  figure  by  dotted  lineiS.  I  also  employed  an  assietant 
to  turn  the  electrical  machine  and  to  manage  the  silk  strings 
passing  over  the  pulley  H,  while  I  stood  ready  near  D  to  perform 
the  last  mentioned  operation  as  soon  as  the  wires  Sa  and  Nn 
were  let  down,  and  also  to  see  whether  the  pith  balls  separated 
or  not 

243]  From  the  manner  of  performing  the  last  mentioned 
operation  it  appears  that  the  comruunication  is  not  made  between 
B  and  T  till  after  their  communication  with  the  vials  and  all 
other  bodies  is  cut  off;  consequently,  if  the  quantity  of  redun- 
dant fluid  communicated  to  B  is  more  than  sufficient  to  saturate 
the  redundant  matter  in  T,  they  will  be  overcharged  after  the 
communication  is  made  between  them,  and  the  pith  halls  at  D 
will  separate  positively,  but  if  the  redundant  fluid  in  B  is  not 
enfficieut  to  saturate  .the  redundant  matter  in  T  they  will  be 
uadercharged,  and  the  pith  balls  will  separate  negatively. 

244]  The  balls  were  made  of  pith  of  elder,  turned  round 
in  a  lathe,  about  one-fifth  of  an  inch  in  diameter,  and  were  sua- 
pended  by  the  finest  linen  threads  that  could  be  procured,  about 
9  inches  long. 

245]  In  making  these  experiments  I  did  not  open  the  trial 
•fhA/s  to  such  a  surface  that  the  pith  balls  should  not  separate  at 
kll  on  making  the  communication  between  B  and  T,  and  assume 
that  for  the  size  which  must  be  given  to  the  trial  plate  in  order 
that  the  deficience  of  fluid  in  it  should  he  equal  to  the  redund- 
ance in  B  (or  for  the  required  surface  of  the  trial  plate,  as  I  shall 
call  it  for  shortness) ;  but  I  first  made  the  surface  of  the  trial 
plate  such  that  the  deficient  fluid  therein  should  exceed  the  re- 
;  in  B,  and  that  the  pith  balls  should  separate  negatively, 
Bt  enough  for  me  to  be  sure  they  separated :  I  then  diminished 
!  surfoce  of  the  trial  plate  till  I  found,  on  repeatiug  the  experi- 
Dent>  that  the  pith  balls  separated  positively  as  much  as  they 
before  separated  negatively,  and  the  mean  between  these  I  con- 
cluded to  be  the  required  surface  of  the  trial  plate. 
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246.  This  way  of  making  the  experiment  I  found  much 
more  accurate  than  the  other,  for  supposing  the  required  surface 
of  the  trial  plate  to  be  expressed  by  the  number  16,  I  found  that 
its  surface  must  be  increased  to  about  20  before  I  could  be  certain 
that  the  pith  balls  would  separate  negatirely,  and  that  it  must 
be  diminished  to  about  12  before  they  would  separate  positively  ; 
whereas  I  found  that  increasing  its  surface  from  20  to  21  would 
make  the  balls  separate  sensibly  further,  and  that  diminishing  its 
surfetce  from  12  to  11  would  have  the  same  effect;  so  that  I 
could  determine  the  required  surface  of  the  trial  plate  at  least 
four  times  more  exactly  by  the  latter  method  than  by  the  former. 

247]  It  will  be  shewn  hereafter  ♦  that  the  quantity  of  deficient 
fluid  in  the  trial  plate  is  in  proportion  to  the  square  root  of  its 
surface;  consequently  the  redundant  fluid  in  B  must  exceed, 
or  fall  short  of,  the  deficient  fluid  in  the  trial  plate  by  about 
Jth  part,  in  order  that  the  balls  should  separate,  and  moreover  the 
increasing  or  diminishing  the  deficience  of  fluid  in  the  trial  plate 
by  about  ^  part  will  make  a  sensible  difference  in  the  separa- 
tion of  the  ball& 

248]  It  is  plain  that  this  way  of  finding  the  required  surface 
of  the  trial  plate  is  not  just,  imless  the  vials  are  charged  equally  in 
both  trials,  namely,  that  in  which  the  balls  separate  positively  and 
that  in  which  they  separate  negatively;  I  therefore  fastened  an 
electrometer  to  the  wire  Pp,  at  a  sufiicient  distance  from  the  vials, 
consisting  of  two  paper  cylinders  about  three-quarters  of  an  inch 
in  diameter  and  one  inch  in  height,  suspended  by  linen  threads 
about  eight  inches  long,  and  in  changing  the  vials  took  care 
always  to  turn  the  globe"f  till  these  cylinders  just  began  to  separate. 

249]  In  all  the  later  experiments,  however,  I  made  use  of  a 
more  exact  kind  of  electrometer,  consisting  of  two  wheaten  straws, 
Aa  and  Bb  (Fig.  30),  eleven  inches  long,  with  cork  balls  A  and  B 
at  the  bottom,  each  one-third  of  an  inch"  in  diameter,  and  sup- 
ported at  a  and  h  by  fine  steel  pins  bearing  on  notches  in  the  brass 
plate  (7,  and  turning  on  these  pins  as  centers.  This  electrometer 
was  suspended  by  the  piece  of  brass  C  firom  the  prime  conductor, 
and  a  piece  of  pasteboard,  with  two  black  lines  drawn  upon  it,  waa 
placed  six  inches  behind  the  electrometer  on  a  level  with  the  bails, 
m  order  to  judge  of  the  distance  to  which  the  balls  separated,  the 
'^e  being  placed  before  the  electrometer  at  thirty  inches  distanoe 

[Arte.  2S4,  479,  682.]  f  [Of  Naime's  electrical  machine,  eee  Art.  568.] 
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from  th«m  (a  guide  for  the  eye  being  placed  for  that  purpose*),   ' 
and  the  eloctncal  nuichi&e  was  turned  till  tlio  bulls  a])[ieured  eveu 
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with  those  liiiug.  By  thc3e  means  I  couIJ  judge  of  tho  strength  uf 
the  electricity  to  a  considerable  degree  of  exactness.  In  order 
to  m^e  the  straws  conduct  the  better  they  were  gilt  over. 

250]  In  order  to  estimate  what  error  may  arise  from  the  viala 
bring  not  equally  charged  in  both  triab,  let  the  required  surface 
of  the  trial  plate  he  called  IG ;  then  must  the  surlace  wliich  must 
be  given  to  it  in  order  that  the  balls  may  separate  negatively  be 
20,  or  16  +  4,  supposing  the  vials  to  be  charged  with  the  usual 
degree  of  strength.  Suppose  now  that  in  the  next  trial,  in  which 
the  balls  are  to  separate  positively,  the  vials  are  charged  stronger 
than  before,  in  the  ratio  of  x  to  1,  so  that  the  quantity  of  redun- 
dant fluid  in  B  shall  be  greater  than  before,  in  the  ratio  of  x  to  1, 
and  that  the  deficieace  in  the  trial  plate  should  be  greater  than 
before  in  the  same  ratio,  provided  its  surface  remained  unaltered  ; 
then  must  the  sur&ce  which  must  be  giveu  to  the  trial  plate,  in 

*  It  u  noeessAry  tbat  tlie  e^  Hhould  always  bo  ploood  nearly  at  the  aomo 
AiitellM  IraiD  the  electrometer,  aa  it  is  evidunt  thnt  tbe  nearer  the  (Fye  is  placed  the 
fOillMr  the  tioIlH  will  appear  to  Heparote.  But  aa  the  difitacca  ol  the  balls  frum  tbo 
ffv  U  u  niDah  greater  than  their  dlstsnce  from  the  pasteboard,  a  amall  alteration 
is  the  diiitanoe  of  the  biUlH  oitliiTr  from  the  cyu  or  the  pasteboard  iiiU  moko  no 
•hmUiIb  altentiou  in  tlie  dktauco  to  which  the  balln  Appear  to  Eepnrutt'. 
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order  that  the  balls  shall  separate  positively  as  much  as  they  did 

4 
negatively,  be  16  — ;  for,  if  this  surface  is  given  to  it,  it  is  plain 

X 

that  the  redundant  fluid  in  B  will  as  much  exceed  the  deficient 
in  the  trial  plate  as  it  before  fell  short  of  it.    The  mean  between 

these  two  surfaces  is  16  H — ^ ,  whereas  it  ought  to  have  been 

16,  so  that  the  error  which  will  proceed  from  thence  in  finding  the 

required  surface  of  the  trial  plate  is  — ^ ,  and,  consequently, 

is  less  than  half  of  the  error  which  we  are  liable  to  in  finding  it 
the  other  way  (or  that  in  which  we  endeavour  to  find  that  surface 
of  the  trial  plate  with  which  the  balls  do  not  separate  at  all), 
though  X  is  ever  so  great ;  for  in  that  way  it  was  before  said  that 
we  were  liable  to  an  error  of  four.  But  if  a:  is  equal  to  J,  which 
is  as  great  an  error  of  strength  as  I  think  can  well  arise  in 
charging  the  vials,  even  when  the  first  mentioned  electrometer 
is  used,  the  error  in  finding  the  required  surface  is  only  ^  of 
the  whole  sur&ce,  or  only  ^  part  of  what  might  arise  the  other 
way. 

251]  Having  thus  found  what  sur&ce  must  be  given  to  the 
trial  plate,  in  order  that  the  deficience  of  fluid  in  it  shall  be  equal 
to  the  redundance  in  B,  I  take  away  the  body  B  and  put  the 
other  body  b,  which  I  want  to  compare  with  it,  in  its  room,  and  if 
I  find  on  repeating  the  experiment  that  the  trial  plate  must  be 
drawn  out  to  the  same  surface  as  before,  in  order  that  the  de- 
ficience of  fluid  in  it  shall  be  equal  to  the  redundance  in  b,  or, 
in  other  words,  if  the  required  surface  of  the  trial  plate  is  the  same 
in  trying  b  as  in  trying  B,  I  am  well  assured  that  if  B  and  h 
were  successively  made  to  communicate  with  one  of  the  vials,  or 
with  any  other  third  body,  and  were  positively  electrified,  they 
would  each  of  them  contain  the  same  quantity  of  redundant  fluid, 
supposing  the  quantity  of  redundant  fluid  in  the  third  body  to 
remain  the  same  each  time.  On  the  other  hand,  if  I  find  that  the 
required  surface  of  the  trial  plate  is  greater  in  trying  b  than  in 
trying  B  in  the  ratio  of  ^  to  jT*,  I  am  well  assured  that  the  quanti^  ' 
of  redundant  fluid  in  b  would  exceed  that  in  B  in  the  ratio  of  i 
*o  T,  supposing,  as  was  said  before,  that  the  deficience  of  fluid 
16  trial  plate  is  in  proportion  to  the  square  root  of  its  surfiM^a 
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252]  If  the  reader  should  think  that  thi&  conclusion  requires 
any  proof  it  may  be  thus  demonstrated : 

Suppose  that  in  trying  B  it  was  found  that  the  requiroil  sur- 
fiice  of  the  trial  plate  was  T*  and  that  in  trying  6  it  was  f,  and  let 
us  first  suppose  that  the  vials  are  charged  in  exactly  the  same  degree 
in  trying  6  as  in  trying  B,  then  is  the  conclusion  evident,  for  then 
are  B  and  b  successively  made  to  communicate  with  the  vial  A, 
the  charge  of  this  vial  being  exactly  the  same  each  time,  and  the 
quantity  of  redundant  fluid  conmmnicated  to  6  is,  actually,  to  that 
communicated  to  ^  as  ^  to  T.  But  it  is  plain  that  the  conclusion 
is  equally  just,  though  the  vials  are  charged  higher  in  trying  one 
than  in  trying  the  other.  For  though,  in  this  case,  the  redundant 
fluid  actually  communicated  to  b  will  not  be  to  that  communicated 
to  £  in  the  ratio  of  t  to  T,  yet  we  are  sure  that  it  woulil  have 
been  so  if  the  vials  had  been  charged  in  the  same  degree  each 
time,  for  the  required  surfaces  which  must  be  given  to  the  trial 
plate  in  trying  6  must  evidently  be  the  same  whether  the  vials  are 
charged  to  the  same  degree  as  they  were  in  trying  £,  or  to  a  dif- 
ferent degree. 

253]  Though  it  is  of  no  signification  whether  the  vials  are 
charged  to  the  same  degree  in  trying  6  as  in  trying  j5,  yet  it  is 
necessary,  as  I  said  before,  that  in  trying  either  B  ox  b  the  vials 
should  be  charged  nearly  with  the  same  strength  when  the  brills 
are  to  separate  positively  as  when  they  are  to  separate  negatively, 
as  otherwise  a  small  error  will  arise  in  finding  the  required  surface 
of  the  trial  plate. 

254]  In  all  the  following  experiments  I  took  care  to  pn>- 
portion  the  size  of  the  hollies  B  and  b  in  hucIi  manner  tliat  the 
quantity  of  redundant  fluid  in  one  sliould  not  be  very  difll»jrent 
fix)m  that  in  the  other,  so  that,  though  the  deficit;nce  of  fluid  in 
the  trial  plate  should  not  be  very  nearly  as  the  fKjuare  nxjt  of  iti 
surface,  it  would  make  very  little  error  in  the  couci union. 

255]  The  usual  distance  of  the  centers  of  B  and  ./  in  these 
experiments  was  83  inches,  the  rli.^fince  of//  from  the  vial  A  100 
inches,  and  that  of  7*  from  a  SO  inches,  and  tlje  di.HtAnce  of  th*? 
two  rials  about  10  inches*.  The  u.sual  heiirht  of  the  Wly  B  and 
the  trial  plate  ab^ve  the  ground  wa.H  oO  indie^t ;  tliey  were  f^tUi" 
inoiily  supported  upon  pillars  s^uch  'aa  are  rejire5»^nr*<i  in  fig.  10, 

•  [Sec  plan  at  An.  265.  d«uiLt  at  Art.  \fA.  %tA  U^jTJ  ib  Note  17.  J 
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where  Ee,  Bb  tuid  Dd  are  three  upright  pillars  of  baked  wood  . 
about  40  inches  long,  and  ee,  bff,  and  dS  are.  sticks  of  glass  10 
inches  long  and  ^  inch  thick  let  into  the  wood,  and  covered  with 
sealing-wax.  ACGF  is  a  piece  of  board  which  the  pillars  are 
fastened  into.  The  points  M,  N,  R,  and  8  were  each  supported 
by  a  pillar  of  the  same  kind,  and  the  point  D  was  supported 
nearly  In  the  same  nmnner.  Id  some  ezperimento,  howeveri  the 
body  B  was  suspended  by  silk  strings.  The  wires  dDh,  rMSt,  and 
mMNn  were  about  ^  inch  thick. 


256]  It  is  well  known  that  the  air  of  a  room  is  easily  ren* 
dered  over-  or  undercharged,  in  particular  if  a  wire  such  as  rRSt 
[Fig.  14]  is  positively  electrified,  though  even  in  no  greater  degree 
than  iu  these  ezperiments,  and  kept  so  for  a  second  or  two,  and  its 
electricity  then  destroyed,  the  air  near  it  will  be  sensibly  over- 
charged, as  may  be  thus  Bbewn.  Take  a  pair  of  pith  bails,  like 
those  hung  at  D,  and  suspend  them  within  a  few  feet  of  t^e  wire 
from  some  body  commuuicating  with  the  ground.  The  balls  will 
instantly  separate  on  electrifying  the  wire  on  account  of  the  repul- 
sion of  the  redundant  fluid  in  it,  but  they  will  also  continue  to 
separate,  though  in  a  less  degree,  after  the  electricity  of  the  wire 
is  destroyed,  which  can  be  owing  only  to  the  air  being  rendOTed 
overcharged  by  it. 
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257]  It  may  te  Buspected  that  this  eloctrification  of  the  air 
'  I^  the  wires  may  affect  the  separation  of  the  pith  balls  at  D  and 
thereby  cause  an  irregularity  in  the  experiments,  but  it  must  be 
considered  that  the  wire  mMN^ii  is  made  as  much  undercharged 
a  rRSs  is  overcharged,  and  the  pith  balls  are  placed  about  equally 
distant  from  both,  so  that  the  undercharged  air  near  one  wire  will 
nearly  balance  the  effect  of  the  overcharged  air  near  the  other. 
Besides  that,  if  it  had  any  effect  upon  the  separation  of  the  balls,  it 
would  liave  much  the  same  effect  in  trying  ^  as  in  trying  6,  and 
therefore  could  hardly  cause  any  error  in  the  result  of  the  experi- 
ment. However,  stili  further  to  obviate  any  error  from  that  cause, 
I  had  a  contrivance  by  which  the  electricity  of  the  wires  rliSa  and 
mM-Xn,  as  well  as  that  of  the  vials,  was  destroyed  as  soon  as  the 
wires  rB  and  mjlf  were  lifted  up  from  B  and  T. 

258]  It  is  necessary  that  the  outside  of  the  bottle  A  and  the 
wire  ye  should  have  as  perfect  a  communication  with  the  ground 
as  possible,  as  otherwise  it  might  happen  that  the  body  3  and  the 
trial  plate  might  not  receive  their  full  degree  of  electrification 
before  the  wires  rR  and  mM  were  lifted  up.  I  therefore  made 
them  to  communicate  by  a  piece  of  wire  with  the  outside  wall  of 
the  house.  This  I  found  to  be  sufficient,  for  if  I  charged  a  vial, 
making  the  outside  to  communicate  with  the  outside  wall,  and 
Uien  made  a  communication  by  another  wire  between  the  inside 
of  the  vial  and  another  portion  of  the  outside  wall  of  the  house  at 
several  feet  distance  from  the  other,  I  found  the  vial  to  be  dis- 
chvg^  instantly;  but  if  I  made  the  wires  to  communicate  only 
with  the  floor  of  the  room  instead  of  the  wall  of  the  house,  I  found 
H  took  up  some  time  before  the  vial  was  discharged. 

It  must  be  obst^ved  that  in  this  case,  where  you  want  to  cany 
off  the  electricity  very  fast  by  an  imperfect  conductor,  such  as  the 
wall,  the  best  way  is  to  apply  a  pretty  broad  piece  of  metal  to  the 
wall,  80  as  to  touch  it  in  a  considerable  surface,  and  to  fasten  the 
wire  to  that,  which  was  the  way  I  last  made  use  of,  for  if  you 
only  apply  ''be  wire  against  the  wall,  as  it  will  touch  the  wall 
only  in   a  few  points,  the    electricity   will    not   escape   near  so 

259]  In  dry  weather  the  linen  threads  by  which  the  pith 
halls  are  suspendtd  are  very  imperfect  conductors,  so  that  the 
ball"  are  apt  not  to  separate  or  close  immediately  on  giving  or 
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taking  away  the  electricity.  To  remedy  this  inconvenience  I  mois- 
tened the  threads  with  a  solution  of  sea-salt,  which  I  found 
answered  the  end  perfectly  well,  for  the  threads  after  having  been 
once  moistened  conveyed  the  electricity  ever  after  very  Well, 
though  the  air  was  ever  so  dry. 

260]  As  the  charge  of  the  vials  A  and  a  is  continually  di- 
minishing from  the  time  that  the  communication  between  them 
and  the  electrical  machine  is  taken  away,  both  by  the  electricity 
running  along  the  surface  of  the  vial  from  the  inside  to  the  out- 
side, and  by  the  waste  of  electricity  from  the  wires  rBSs  and 
mMNn  and  their  supports,  it  is  necessary  that  the  operation  of 
electrifjring  B  and  T  and  lifting  up  the  wires  rR  and  mM  should 
be  performed  as  soon  as  possible,  and,  above  all,  it  is  necessary 
that  the  communication  should  be  made  between  B  and  T.ss  soon 
as  possible  after  lifting  up  the  wires  rR  and  mM,  This  end  was 
obtained  very  well  by  the  manner,  already  described,  of  perform- 
ing the  operation. 

261]  Before  I  begin  to  relate  the  experiments,  it  will  be 
proper  to  say  something  more  about  the  accuracy  that  is  to  be 
expected  in  them.  I  before  said  that  increasing  or  diminishing 
the  surface  of  the  trial  plate  by  -^  of  what  I  called  the  required 
surface,  t.  e.,  that  surface  in  which  the  deficience  was  equal  to 
the  redundance  in  B,  made  a  sensible  alteration  in  the  distance 
to  which  the  pith  balls  separated.  In  reality  I  found  that  in- 
creasing or  diminishing  it  by  only  ^  part  of  the  required  sur- 
face would  in  general  make  a  sensible  alteration,  but  I  could  not 
be  certain  to  nearly  so  small  a  quantity,  for  it  would  frequently 
happen  that  after  having  determined  the  surface  of  the  trial  plate 
at  which  the  balls  separated  to  a  given  degree,  that  on  repeating 
the  experiment  a  little  after,  the  balls  would  separate  differently 
from  what  they  did  before,  and  that  I  was  obliged  to  alter  the 
surface  of  the  trial  plate  by  ^  and  sometimes  even  ^  of  the 
required  surface  in  order  to  make  the  balls  separate  in  the  same 
degree  as  before.  Therefore,  as  increasing  the  surface  of  the  trial 
plate  by  ^  part  increases  the  deficience  of  fluid  therein  by 
^  part,  it  appears  that  if  the  bodies  B  and  b  really  contain  the 
same  quantity  of  redundant  fluid,  it  might  seem  fix)m  the  ez* 
periments  as  if  ^  contained  ^  or  even  -^  part  more  or  less 
Tedundant  fluid  than  b,  so  that  I  am  liable  to  make  an  error  of 
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^  or  ^  part  in  judging  of  the  proportion  of  the  quantity  of 
reUtiu<lAUt  fluid  in  two  botlie^.  I  ituagint.',  however,  that  it  will 
not  often  happen  that  the  error  will  amount  to  as  much  aa  ^. 

262]  I  do  not  very  well  know  what  this  irregularity  pro- 
ceeiieti  from.  Part  of  it  might  arise  from  the  difference  in  the 
Htreugth  with  which  the  vials  were  charged,  but  I  believe  that 
pan  of  it  must  arise  from  some  other  cause  which  I  am  not  ac- 
quainted with.  For  greater  security  I  always  compared  eacli  body 
with  the  trial  plate  6  or  7  times  ninning. 

2C3]  It  appears  from  the  description  of  the  electrometer 
fastened  to  the  wire  Pp  that  the  vials  were  charged  extremely 
weakly  in  these  experiments,  (they  were  indeed  charged  so  weakly 
tliat  if  tried  by  Lane's  electrometer  they  would  not  discharge 
tlienuelves,  if  the  distance  of  t!ie  knobs  was  more  than  ^  of 
ftn  inch,)*  and  it  perhaps  may  be  asked  why  I  chose  to  charge 
them  HO  weakly,  as  it  is  plain  that  the  stronger  the  vials  are 
charged  the  less  alteration  in  the  size  of  the  trial  plate  would  it 
have  required  to  produce  the  same  alteration  in  the  separation  of 
the  pith  halls. 

264]  My  reason  was  this, — that  the  electricity  seems  to  escape 
iMoarltably  [aster  from  any  body,  both  by  running  into  the  air  and 
hj  mnning  along  the  surface  of  the  non-conductor  on  which  it  is 
■npported,  when  the  body  is  electrified  strongly  than  when  it  is 
weak,  which  mode  ine  afraid  that  if  I  had  charged  the  vials  much 
stronger  the  experiment  might  have  been  too  much  disturbed  by 
the  diminution  of  the  quantity  of  redundant  fluid  in  B  and  the 
deficience  in  the  trial  plate  between  the  lifting  up  of  the  wires  Rr 
lod  Mm  and  letting  fall  the  wires  Dd  and  DB,  and  also  by  the 
diminution  of  the  charge  of  the  vials  between  lifting  up  the  wire 
ht  and  lifting  up  the  wires  lir  and  Mm  ;  and  indeed  it  seemed,  from 
Bome  trials  I  made  wnth  a  heavier  electrometer  fastened  to  Pp,  as 
if  the  experiments  were  not  more  exact,  if  so  much  so,  when  the 
viaJs  were  charged  stronger,  as  when  they  were  charged  in  the 
Qsoal  degree. 

I  now  proceei]  to  relate  the  experiments  I  have  made. 

26fi]  Exp.  III.  This  experiment  was  made  with  a  view  to  dis- 
ooror  whether  the  quantity  of  redundant  fluid  commuuicated  to 
■   [I'il'Breiice  of  potenliala  About  U-S.    See  Art.  329  auJ  Ilote  10.] 
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the  body  B  was  different  according  to  the  different  situations  in 
which  it  was  placed  in  respect  of  the  vial  jd,  or  according  to  the 
different  shape  of  the  wire  aSRr  by  which  it  was  touched,  or  ac- 
cording to  the  different  parts  in  which  it  was  touched  by  that  wire. 
The  body  which  I  used  for  this  purpose  was  a  square  tin  plate,  12 
inches  each  way,  and  the  different  ways  in  which  it  was  tried  are 
drawn  in  figure  17,  which  represents  a  plan  of  the  disposition  of 
the  whole  apparatus,  in  which  the  letters  B,  d,  D,  S,  t,  m,  Mj  N,  a, 
A,  8,  R  and  r  represent  the  same  things  as  in  fig.  14. 

Fig.  17.    [Scale  t^.] 


266]  1st  Way.  The  tin  plate  was  placed  in  a  vertical  plane 
so  as  to  be  represented  in  the  plan  by  the  line  J/8,  the  wires  Rr 
and  Dd  when  let  down  resting  on  the  edge  of  the  plate  as  in  the 
figure. 

2nd.  The  tin  plate  was  placed  horizontal,  as  represented  by 
the  square  Bcfg,  the  plate  being  placed  so  that  the  wire  Rr 
touched  it  near  the  middle.  N.B.  The  wire  Rr  was  bent  at  right 
angles  about  f  of  an  inch  from  the  end  r,  so  that  |  of  an  inch 
was  in  a  vertical  situation,  and  the  rest  horizontal.  Consequently 
the  wire  touched  the  plate  only  by  its  extremity. 

3rd.  The  same  as  the  last,  except  that  the  wire  Rr  touched 
the  plate  not  far  from  the  side  fg,  and  pretty  near  the  middle  of 
that  side. 

4th.  The  same  as  the  last,  except  that  a  cross  vrire  ee  was 
fastened  horizontally  across  the  wire  Rr,  so  as  to  be  parallel  to  the 
sidey^,  and  about  one  inch  distance  from  it. 
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5th.  The  plate  in  the  same  situation  aa  before,  but  the  wire 
Rr  was  bent  into  an  arch,  like  tTR,  only  the  plane  of  that  arch 
was  vertical.     The  wire  touched  the  plate  near  the  middle. 

6th.  The  plate  In  the  aame  situation  as  before,  but  the  wive 
Rr  was  removed  into  the  situation  i/x,  the  communication  be- 
tween y  and  8  being  made  by  the  wire  ^zS  bent  into  an  arch,  Slb 
in  the  figure,  the  plaue  of  which  was  vertical.  The  wire  yx 
touched  the  plate  near  the  middle. 

N.B.  In  all  these  ways  the  tin  plate  was  supported  on  silk 
lines. 

267]  The  charges  of  the  plate  in  the  different  situations  were 
found  .to  be  to  each  other  in  the  following  proportions": 

Ist  Way. 11-7, 

2nd    , 11-7. 

3rd     , 120, 

4th     „    10-8, 

5th     „    11-5, 

6th     „    10-8. 

The  plate  was  tried  in  some  of  these  situations  another  night, 
when  the  charges  came  out  in  the  following  proportions +  : 

2nd  Way llS, 

3rd      „  120, 

6th      „  11-8, 

6th    , no. 

268]  It  should  seem  from  these  experiments  that  the  charge 
of  the  tin  plate  is  not  exactly  the  same  in  all  the  ways  of  trying 
it,  as  the  extremes  seem  to  differ  from  each  other  by  above  ^j 
pftrt,  which  ia  more  than  couM  arise  from  the  error  of  the  experi- 
ments ;  but,  excepting  the  ith  and  6th  ways,  the  others  seem  to 
_difiFer  by  less  than  ^.  This  I  think  we  may  be  well  assured 
that  no  sensible  error  can  arise  in  the  following  experiments 
im  any  small  difference  in  the  manner  in  which  the  bodies  are 
iched  by  the  wire. 

269]  Exp.  IV.  These  experiments  were  made  with  intent  to 
Bee  whether  the  charge  of  a  body  of  a  given  shape  and  size  was 

*  [Art.  470,  Deo.  17,  1771.  The  nnmberB  there  lonad  are  here  moltiplied  by 
m  eonstant,  no  ■£  to  moke  the  reaolt  b;  the  3rd  wny  equal  to  IS.] 

+  [Art.  4ea.i 
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the  same  whatever  materials  it  consisted  of,  as  it  ought  to  be  ac- 
cording to  Prop.  XVIII.*,  and  also  to  see  how  far  the  charge  of  a 
fiat  plate  depended  on  its  thicknessi*.  The  substances  used  for  this 
purpose  were  all  fiat  plates  about  one  foot  square.  The  results 
of  the  experiments  are  given  in  the  following  Table  ^ : 


Karnes  of  rabsUncM  used. 

Mean  aide 
ofaqoaie. 

Thtek- 
neas. 

Chaiga 

Side 

increaaed 

brliof 

Bednced 
dutfge. 

A  tin  plate    

12-00 

11-03 

11*62 

12*02 
12-00 

12*04 

12-00 

•02 

1*01 

•37 

•087 
•40 

•42 

•16 

11*92 

12*30 

12*08 

11-96 
12*44 

12*44 

12*20 

12^03 
12*38 

12*11 

1214 
12*53 

12^60 

12*21 

11-89 

A  hollow  plate  composed  of   tin 
plates  soldered  together 

11-92 

Another  of  the  same  land,  but  thin- 
ner  

11^97 

A  piece  of  pasteboard  snch  as  nsed 
for  the  coTering  of  books   

11*81 

A  piece  of  Portland  stone  

11-91 

A  sandstone  known  in  London  by 
the  name  of  Bremen  stone    

A  slate  snoh  as  osed  for  the  oover- 
ing  of  hooses    

11-84 
11*99 

• 

N.B.  The  three  pieces  of  stone  were  all  ground  fiat,  and  of 
an  uniform  thickness. 

270]  As  it  would  have  been  difficult  to  try  the  following 
substances  by  themselves,  I  coated  panes  of  crown-glass  with  them 
on  one  side  and  tried  them  in  that  manner,  which,  as  glass  does 
not  conduct  electricity,  seems  as  imexceptionable  as  it  would  have 
been  to  have  tried  them  by  themselves,  supposing  it  had  been 
possible  to  have  done  so. 


Namea  of  sabstancM  with  which  the  glaai 
was  coated. 


Goldleaf  

Thmtin-foU 

Several  folds  of  thick  tin-foil  stodE 

together  with  gum-water   

Gum  Arabic  laid  on  in  the  form  of 

gum- water  and  suffered  to  dry  ... 
The  same  mixed  up  with  a  good 

deal  of  salt   

Charcoal  powder  mixed  with  a  little 

gum-water 

Water  thickened  with  a  little  gum . 


Mean  ride 
ofaqoare. 

Thidcnew 
of  glaaa. 

Thidmew 
of  coating. 

Chaise. 

11-98 
11-96 

•056 
•058 

•00118 

11-87 
11-55 

11-98 

•056 

•017 

1198 

1206 

•064 

1217 

11-96 

•061 

11-95 

1204 
11-96 

•061 

11-95 
11-80 

Aednoed 


11-89 
11-59 

1195 

1318 

1199 

1191 
11-84 


[Art.  68.] 


+  [Prop.  XXI.  Ari  78.] 
t  [Art«.  293,  471,  480,  481.] 
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The  last  mentioned  substance  was  quite  ftiiid,  but  had  suffi- 
cieDt  tenacity  to  prevent  its  flowing  immediately  to  tlie  lowest 
part  of  the  plate.  In  those  substances  in  which  the  thickness  of 
the  coating  is  not  set  down  it  wa£  not  measured,  but  the  thickness 
was  smaU. 

271]  All  these  things  were  supported  on  the  pillars  of  baked 
wood  and  waxed  glass  described  at  [Art.  25.')].  The  panes  of  glass 
were  laid  on  these  pillars  with  their  coated  sides  uppermost,  so 
that  the  wires  Sr  and  Sd  fell  on  their  coated  sides.  As  many  of 
the  substances  used  were  but  imperfect  conductors  of  electricity, 
I  fastened  bits  of  tin-foil  about  an  inch  square  on  the  places  on 
wliich  the  wires  Hr  and  Dd  touched  the  plate  in  order  to  make 
the  electric  fluid  spread  more  readily  over  it,  and  I  satisfied  my- 
self heforebanJ  that  with  this  precaution  they  conducted  readily 
enough  for  ray  purpose,  as  I  found  by  discharging  a  Leyden  vial, 
and  making  these  substances  part  of  the  circuit. 

272]  It  appears  from  these  esperiments  that  the  charge  of  a 
thick  plate  is  greater  than  that  of  a  thin  one  of  the  same  base,  aa 
might  be  guessed  from  the  theory',  and  it  seems  to  be  equal  to 
that  of  a  very  thin  one  whose  side  exceeds  that  of  the  thick  one 
by  about  IJ  of  it-s  thickness.  Let  us  therefore  increase  the  mean 
nde  of  each  of  these  plates  by  IJ  of  its  tliickness,  where  that 
quantity  is  worth  regarding,  and  alter  the  charge  found  by  experi- 
ment in  the  ratio  of  12  inches  to  the  side  thus  increased,  which 
will  give  us  the  charge  of  a  plate  of  the  same  materials  and  shape 
whose  increased  side  is  12  inches,  when  the  charge  of  each  sub- 
stance will  stand  as  in  the  last  column  of  the  preceding  Table. 
These  numbers  do  not  differ  from  each  other  by  more  than  what 
may  fiurly  be  supposed  owing  to  the  error  of  the  experiment,  and 
therefore  I  think  we  may  conclude — firstly,  that  the  charge  of  a 
body  of  a  given  shape  and  size  is  the  same  whatever  materials  it 

lists  of,  and,  though  the  experiment  was  tried  only  with  square 
ites,  yet  I  think  there  can  be  no  douht  hut  the  case  will  be  the 

le  with  bodies  of  any  other  shape  ;  secondly,  that  the  chai^  of 
lay  thin  plate  is  very  nearly  the  same  whatever  its  thickness  may 
be,  provided  its  thickness  is  very  small  in  respect  of  its  breadth 
w  smallest  diameter;  and  there  can  be  no  doubt  also  but  what  this 
will  hold  good  in  thin  plates  of  any  shape,  though  it  was  tried  only 

'  piote  30.] 
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irixr  sqioc^  gns :  sue  lidrdhr,  if  ihe  piste  is  Btjoaie  ind  its  thick- 

ii^s  i^  stnrsciil  ra&s  IsB  linzL  ixB  ade»  tiioDgh  not  small  enough  to 

ht  £2s^sis'3eii.hif  cSi&sr&iseqpiltotkatirfjiTeij 

^4k»r  s5e  exfiecds  lios  oT  libe  fDermer  hy  about  1^  of  its  thickness. 

rrarrrycmoe  seiesns  &r  from  beai^  repugnant  to  the 
I  ao  no:  kzinv  how  to  ralmlat^  the  diaige  of  such 

Inniis,  I  shall  not  troahle  the  reader 


STS^  Ktjv  T.  Hits  cxpciiment  ms  made  irith  a  Tiew  to  find 
irbax  propcTQcm  ilie  ciiaiciK  of  g™^^*»'  bodies  of  diffisrent  sizes 
bear  lo  eaciL  cxiber,  aai  vbeober  it  is  tbe  same  that  it  ought  to  be 
br  tbe  tbecvr  «n  a  sappciKtaim  ibat  the  electric  attraction  and 
icpdaon  is  inTerseSr  as  tbe  square  of  tbe  distance^  and  that  the 
Koies  are  OGemecSied  i£^  tbe  jar  br  irbidi  tb^  are  dectrified  by 
cazols  cf  ixxcnpresafale  And.  It  was  tried  by  takii^  two  ditmlar 
tin  pila^es  ci  $*  iz>cb»  diameier,  and  comparing  the  charge  of  these 
tvo  Greles  t<>i:^iber  with  tbtt  of  one  of  twice  tbe  diameter.  The 
drcks  Were  piarad  in  a  xcrtical  dtoatioii,  and  were  disposed  as  in 
fig.  IS,  wbo^  tbe  letters  A  £.  «»  T,  Jf,  X^a^A^S  and  R  stand 
for  tbe  same  tbii^  as  in  fig.  17.  Bb  and  Cc  are  the  two  small 
cxrdes  plac^  pazaDel  to  each  other,  which,  as  they  are  in  a  vertical 


ITi 


iiation»  appear  in  the  plan  as  straight  lines,    i^and  Rg  are  the 

m  by  which  they  are  electrified,  which  are  bent  near  /  and  g 

to  enable  them  to  rest  on  the  edges  of  the  ciidea    lid  is  the 
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wire  for  making  a  communication  between  them  and  the  trial 
ptate ;  Ee  ia  the  large  circle  placed  half  way  between  the  two 
small  ones,  and  Rr  the  wire  by  which  it  is  electrified.  But  it  must 
be  observed,  that  in  trying  the  large  circle  the  two  small  circles 
and  the  wires  Rf  and  Rg  are  taken  away  and  the  wire  Rr  put  in 
their  room;  and  in  like  manner,  when  the  small  circles  are  tried, 
the  circle  Ee  and  the  wire  Rr  are  removed. 

274]  It  must  be  observed  that  the  charge  of  the  two  small 
circles  together  will  not  be  as  much  as  double  the  charge  of  one 
circle,  unless  the  distance  of  the  two  circles  from  each  other  is  ex- 
tremely great.  In  order,  therefore,  to  know  better  what  allowance 
to  make  on  this  account,  I  tried  the  experiment  with  the  two 
small  circles  placed  at  three  different  distances,  namely,  at  18,  24, 
and  36  inches  from  each  other,  the  circles  being  always  placed  so 
that  the  middle  point  between  them  was  at  the  same  distance  from 
D.    Their  charges  came  out  in  the  following  proportion  * : 

The  large  circle 1000, 

The  two  small  ones  at  36  inches  distance       '8d9, 
24      „  „  -859, 

18      „  „  -811. 

275]  I  repeated  the  experiment  in  the  same  manner,  except 
1st,  that  the  distances  of  the  vials  from  the  circles  and  trial  plate 
were  diEferent  from  what  they  were  before,  namely,  in  the  fore- 
going experiment  the  distance  Ta  from  the  middle  of  the  trial 
plate  to  the  vial  a  was  87  inches  and  eA,  or  the  distance  from  the 
center  of  Ee  to  the  vial  A,  was  106  inches,  whereas  in  this  experi- 
ment Ta  was  98  inches  and  fA  63  inches ;  the  distance  Te  was 
83  inches  in  both  experiments ;  and  Sndly,  that  I  placed  a  frame 
of  wood  about  5  feet  square  under  the  circles  14  inches  from  the 
ground.  The  reason  of  these  alterations  will  he  shewn  by  and  by+. 
Their  charges  came  out  as  follows  : 

Tlie  large  circle 1000, 

The  two  small  ones  at  30  inches  distance       -894, 
24      „  „  -S+O. 

„        .,        18      .,  .,  -798. 

27*>]     Let  us  now  endeavour  to  find  out  what  proportion  the 
cIiarRfs  ought  to  bear  to  each  other  by  the  theory  on  the  above- 
mentioned  supposition  of  their  being  connected  by  canals  of  in- 
•  [Art*.  132,  4-54.  173-i75.1  (  [Arte.  277.  MO.  17i  ana  Nolu  17.] 
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compressible  fluid,  and  of  the  electrical  attraction  and  repulsion 
being  inversely  as  the  square  of  the  distance.  This  cannot  be 
done  exactly  without  knowing  the  manner  in  which  the  redundant 
fluid  is  disposed  in  the  circles,  which  I  am  not  acquainted  with, 
but  if  we  suppose  the  fluid  to  be  spread  uniformly  over  the  plates, 
it  will  appear,  by  calculating  according  to  Prop.  XXX.  [Art.  141], 
that  their  charges  should  be  in  the  following  proportion : 

The  large  circle 1*000, 

The  two  small  ones  at  36  inches  distance      *933, 

o       »       »       «2^     »         99         *yii. 

If  we  suppose  that  the  whole  redundant  fluid  is  collected  in 
the  circumference,  they  should  be  as  follows : 

The  large  circle 1*000, 

The  two  small  ones  at  36  inches  distance  *890, 

24      „            „  -844, 

18      „            „  -805; 

and  if  we  suppose  that  f^  of  the  whole  redundant  fluid  is  collected 
in  the  circumference,  and  the  remainder,  or  ^,  spread  uniformly, 
they  should  be  as  follows  : 

The  large  circle 1000, 

The  two  small  ones  at  36  inches  distance      '920, 

24      „  „  -890, 

18      „  „  -863. 

277]  I  think  this  latter  proportion  of  the  charges  much  the 
most  likely  to  agree  with  the  truth*,  as  it  appears  from  an  expe- 
riment which  will  be  mentioned  hereafter,  that  the  charge  of  a 
circular  plate  bears  the  same  proportion  to  that  of  a  globe  that  it 
would  do  if  the  fluid  was  disposed  in  that  manner.  But  it  must  be 
observed  that  in  these  calculations  the  circles  are  supposed  to  be 
placed  at  an  infinite  distance  from  the  vial  by  which  they  are 
electrified,  and  also  from  any  other  over-  or  under-charged  body, 
whereas  in  these  experiments  the  circles  were  at  such  a  distance 
from  the  vial  that  their  repulsion  on  the  canal  by  which  they 
communicated  with  it  was  sensibly  less  than  if  it  was  infinite,  and 
moreover  the  attraction  of  the  under-charged  trial  plate  on  the 

*  I  wonld  not  be  understood  by  this  to  snppose  that  the  fluid  is  AOtuaUy  dis- 
posed in  this  manner  in  a  circular  plate,  but  only  that  the  charges  will  bear  the 
same  proportion  to  each  other  that  they  ought  to  do  on  this  snppositioii. 


99  »  »» 
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wire  j»3fiV«  has  some  tendency  to  increase  tlie  quantity  of  finid 
in  the  circles,  aod  the  repulsion  of  the  circles  tends  to  diminish 
the  quantity  of  fluid  in  the  trial  plate,  and  moreover  the  floor  and 
w^ls  of  the  room  will  be  made  under-charged  near  the  circles  and 
over-charged  near  the  trial  plate,  which  will  also  have  some  ten- 
dency to  alter  the  quantity  of  fluid  in  the  circles  and  trial  plate. 

It  was  with  a  view  to  find  out  what  error  could  proceed  from 

these  causes  that  I  tried  the  esperiment  in  the  two  different  ways 

above  mentioned.     It  will  be  shewn,  however,  in  the  appendix* 

that  the  first  two  of  these  causes  cannot  produce  any  sensible 

alteration  in  the  exjicriment,  and  that  it  is  not  likely  that  the 

^Bpst  should.     This  is  also  confirmed  by  the  ne^r  agreement  of  the 

^HlesultA  in  both  ways  of  trying  the  experiment,  as  the  difference  in. 

^Bbe  proportion  of  the  charges  in  these  two  ways  of  trying  the  ex- 

^Fperinient  was  not  greater  than  what  miglit  well  be  owing  to  the 

I  OTor  of  the  experiment. 

278]  It  seems  reasonable  to  conclude,  therefore,  that  the  pro- 
portion which  the  charges  ought  to  bear  to  each  other  in  the 
theory  on  the  supposition  of  their  being  connected  by  canals  of 
iDCOtDpressible  fluid,  and  of  the  electrical  attraction  and  repulsion 
being  inversely  as  the  squares  of  the  distances,  must  be  nearly  as 
ID  the  last  Table,  and  therefore  it  should  seem  that  the  observed 

kthaiges  of  the  two  small  plates  were  rather  less  in  proportion  to 
that  of  the  large  one  than  they  ought  to  have  been  by  theory  on 
the  above-mentioned  supposition ;  but  the  difference  is  not  great, 
ftod  perhaps  not  more  than  what  may  be  owing  to  our  not  being 
able  to  compute  the  true  proportion  with  sufficient  accuracy,  and 
to  the  error  of  the  experiment,  though  I  am  more  inclined  to 
think  that  the  difference  is  real.  This,  however,  can  by  no  means 
be  looked  upon  as  a  sign  of  any  error  in  the  theory,  but,  on  the 
WDtmty,  I  think  that  the  difference  being  so  small  is  a  strong 
I  that  the  theory  is  true.  For  it  cannot  be  expectetl  that  the 
ugea  of  bodies  connected  together  by  wires  should  bear  exactly 
J  same  proportion  to  each  other  that  they  should  do  if  they 
e  connected  by  canals  of  incompressible  fluid ;  and,  indeed,  the 
1  experiment  shews  that  they  do  not,  as  the  charge  of  the  tin 
late  was  found  to  be  a  little  different  according  to  the  situation 
k  which  it  was  placed  and  the  disposition  of  the  wire  by  which  it 
*  [Art.  ISB,  aud  Notes  17  and  31. 1 
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waa  toucheil,  which  should  not  be  the  case  if  it  was  connected  t 
the  vial  by  a  canal  of  incompressible  fluid. 

279]   Exp.  VI.   This  experiment  was  made  Tfith  the  same  viei 
as  the  last,  and  consisted  in  comparing  the  charge  of  two  bra 
wires  together,  with  that  of  a  single  one  of  twice  the  length  i 
thickness.     The  small  wires  were  3  feet  long  and  ^^  th  of  an  ino 
thick ;  they  were  placed  horizontal  and  parallel  to  each  other,  a 
represented  by  the  lines  Bb  and  Cc  in  fig.  18,  and  were  tried  i 
three  different  distances   from  each  other,  viz.: — 18,  24,  and  1 
inches.     The   long  wire  was  6  feet  long  and  Jth  of  an  inch  \ 
thickness,  and  was  placed  tu  the  same  direction  as  the  small  one 
as  represented  by  Ee.     They  were  electrified  by  the  sa 
and  in  the  same  manner  as  the  circles,  only  tliey  were  placed  so  a 
to  be  touched  by  the  wires  fR,  rR,  and  git,  very  near  their  extra 
mities  i,  e,  and  c.     Their  charges  were  as  follows : — 

The  long  wire 1-000, 

The  two  short  ones  at  36-  inches  distance       "903, 
24.       „  „  -SCO, 

18       „  „  -850. 

280]  The  charges  of  the  two  small  wires  at  the  several  dii 
tances  of  30,  24,  and  18  inches  ought  by  theory  to  have  been  ( 
that  of  the  long  wire  in  a  proportion  between  that  of  '923,  'SOi 
and  883  to  1  and  that  of  893,  SfiO,  and  -835  to  1,  supposing  tbei 
to  be  connected  to  the  vial  by  canals  of  incompressible  fluid,  bu 
as  it  should  seem  from  the  nest  experiment,  ought  in  all  pn 
bability  to  approach  much  nearer  to  the  former  proportion  t 
the  latter.  The  observed  charges  were  actually  between  these  tu 
proportions,  but  approached  much  nearer  to  the  latter,  so  that  tha 
agreed  as  nearly  with  the  computation  as  could  be  expected*. 

281]   Exp.  VII.   Being  a  comparison  of  the  proportional  cbai 
of  several  bodies  of  ditferent  shapes :  the  result  is  as  follows : — 

A  globe  121  inch  in  diameter 1-000 

A  tin  circle  IS'o         „       „       (192 

A  tin  plate  15-5  inches  square "857 

An  oblong  tin  plate  17!)  inches  by  13'+  inches -flOS 

A  brass  wire  72  inches  long  and  185  thick    -937 

A  tin  cylinder  5+-2  inches  long  and  73  in  diameter.  •9r»I 
A  tin  cylinder  3.5-9  inches  long  and  2*53  in  diameter  -999. 
'  [ArtB.  153,  iT6,  477,  063,  oud  Note  13.] 


15]  OLOBE,  CIRCLE,   SQUARE,  OBLONG,  CYLINDER. 


I  The  globe  was  the  same  that  was  used  in  the  first  experimeiit, 

I    The  wire  and  cylinders  were  placed  in  the  same  manner  as  the 

large  wire  in  the  preceding  experiment,  and  were  touched  in  the 

same  manner  •. 

282]     Remarks  on  this  experiment. 

First,  the  proportion  which  the  charge  of  the  circular  plate 
bears  to  that  of  the  globe  agrees  very  well  with  the  theory,  for  by 
Prop.  XXIX.  [Art.  140]  the  proportion  should  be  between  that  of 
•76  to  1  and  that  of  1'53  to  1,  and  the  observed  proportion  Is  that 
of  "992  to  1.  We  may  conclude  also  from  this  experiment  that  the 
charge  of  a  circular  plate  is  to  that  of  a  globe  of  the  same  dia- 
meter as  12  to  18J,  which  by  the  above-mentioned  proposition  is 
the  projiortion  which  ought  to  obtain  if  ^J  of  the  whole  quantity 
of  redundant  fluid  in  the  plate  was  spread  uniformly  [over  the 
surface],  and  the  remainder,  ur  ^,  was  spread  uniformly  [round 
the  circumference],  that  is,  if  the  value  of  p  m  that  proposition 
equals  |f +. 

283]  2ndly.  The  charge  of  a  square  plate  is  to  that  of  a 
circle  whose  diameter  equals  the  side  of  the  square,  as  1^3  to  1, 
or  ita  charge  is  to  that  of  a  circle  whose  area  equals  that  of  the 
Bqoare  as  102  to  1|. 

284]  3rdly,  The  charge  of  the  oblong  plate  is  very  nearly 
fiqoal  to  that  of  a  square  of  the  same  area,  aud  consequently  as 
the  length  of  the  trial  plates  used  in  these  experiments  never 
differed  from  their  breadth  (whether  the  trial  plate  was  more  or 
lees  drawn  out)  in  a  greater  proportion  than  those  of  this  oblong 
plate  do,  and  as  the  charges  of  similar  bodies  of  different  sizes  are 
■s  their  corresponding  diameters,  or  sides,  I  think  we  may  safety 
conclude  that  the  charges  of  these  trial  plat«s  were  as  the  sides  of 
a  square  of  the  same  area,  agreeable  to  what  was  said  in  [Art.  247]. 

285]  4th]y.  By  Prop.  XXXI.  [Art.  150]  the  charge  of  a  cylinder 
whose  length  =  L  and  diameter  =  i>  is  to  that  of  a  globe  whose 

diameter  =  i  in  a  ratio  between  that  of  1  to  log,  -jr  and  that 

of  2  to  log,  — ,  and  therefore  the  charges  of  the  brass  wire,  long 

•  [Art*.  178,  083,]  1  [A.rts.  6.11,  fiSl,  and  Note  3.] 

.  ;  [Atta.  1711,  082.  oud  JjoM  23.] 


[ 


1S8  EXPEHIMEXTS  ON  TBE  CH.VEQES   OP  BODIES.  [! 

Cylinder  and  short  cylinder,  should  be  to  that  of  the  globe,  au] 
posing  them  to  be  connected  with  the  vial  by  which  they  wei»' 
electrified  by  canals  of  incompressible  fluid,  in  a,  ratio  between  thaA 
of  -894,  -806  and  887  to  1  and  that  of  IGIJ),  1-573  and  1-4C9  to  U 
The  observed  charges  are  as  aUG,  -980  and  1-028  to  1,  which  arB 
between  the  two  above-mentioned  proportious,  but  approach  niuchj 
nearer  to  the  former  than  the  latter,  as  might  have  been  expectedf 
80  that  the  observed  charges  agree  very  well  with  the  theory*. 

286]     5thly.     If  we  suppose  that  the  redundant  fluid  is  du^ 
posed  in  the  same  manner  in  a  cylinder,  whether  the  length  is 
very  great  in  respect  of  the  diameter  or  not,  it  is  reasonable  to  1 
suppose  that  the  charges  of  the  brass  wire,  long  cylinder  and  short 
cylinder,  should  be  to  each  other  in  a  proportion  not  much  different 
from  that  of  -894,  -890  and  -887,  or  that  of  -960,   968  and   959. 
The  observed  charges  do  not  differ  a  great  deal  from  that  ratio, 
only  the  charges  of  the  two  cylinders,  especially  the  shorter,  are 
rather  greater  in  proportion  to  that  of  the  brass  wire  than  they 
ought  [to  be],  so  that  according  to  this  supposition  the  observed 
charges  do  not  agree  exactly  with  computation.     But  if  we  sup- 
pose that  the  redundant  fluid  is  spread  less  uniformly  in  a  cylin- 
der whose  length  is  not  very  great  in  proportion  to  its  diameter  J 
than  in  another,  that  is,  that  there  is  a  greater  proportion  of  tbttl 
redundant  fluid  lodged  near  the  extremities,  which  seems  by  no  ' 
means  an  improbable  supposition,  the  observed  charges  may  per- 
haps  agree  very  well  with  what  they  should  be  by  theory,  if  they 
were  connected  by  canals  of  incompressible  fluid. 

287]  With  regard  to  the  small  disturbing  causes  meotionod 
in  [Art.  277],  as  the  length  of  the  brass  wire  hears  so  great  a 
proportion  to  its  distance  from  tlie  trial  plate  and  to  it«  distance 
from  the  ground,  it  is  possible  that  its  effect  in  increasing  the  de- 
ficiency of  fluid  in  the  trial  plate  may  be  sensibly  leas,  and  also 
that  the  increase  of  charge,  which  it  receives  itself  fn.m  the 
ground  near  it  being  under-charged,  may  be  sensibly  different 
from  what  it  would  be  if  it  had  been  of  a  more  compact  shape, 
BO  that  perhaps  some  alterations  may  have  been  made  in  the  ex- 
periments by  these  two  causes,  I  should  imagine,  howi-vcr,  that 
they  could  be  but  small.  It  must  be  observed  that  the  liret  of 
these  two  causes  tend-s  to  make  the  charge  of  the  wire  nppoar 

•  \K..l.-  IS.] 
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greater  than  it  really  was,  and  consequently  to  make  the  observed 
charges  apjjGar  to  agree  nearer  with  the  theory  than  they  really 
did.     Which  way  the  second  cause  should  operate  I  cannot  say. 

On  the  whole  It  should  seem  as  if  the  true  charge  of  a  cylinder 
whose  length  is  L  and  diameter  D  is  to  that  of  a  globe  whoso 
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288]  Exp.  VIII.  Let  AB.  ah  and  eg  (Fig.  19)  be  three  equal 
thin  parallel  plates  equidistant  and  very  near  to  each  other,  and  let 
Cf,  the  line  jouiing  their  centers,  be  perpendicular  to  their  planes, 
and  let  all  three  plates  communicate  with  each  other  and  be  poai- 


h 


lively  electrified:  it  may  easily  be  shewn  tliat  according  to  the 
theory  the  quantity  of  redundant  fluid  in  the  middle  plate  will  be 
maoy  times  less  than  that  in  either  of  the  outer  plates,  or  than 
that  which  it  would  receive  by  the  same  degree  of  electrification  if 
placed  by  itaelf.  I  therefore  took  three  tin  plates,  each  12  inches 
square,  and  placed  them  as  above  described,  and  electrified  them 
by  means  of  a  wire  fixed  to  a  Leyden  jar,  the  end  of  the  wire 
beiiig  formed  in  such  manner  as  to  touch  all  three  plates  at  once. 
A*  Boon  as  the  electrifying  wire  was  taken  away  I  drew  away  the 
out«r  plates,  and  at  the  same  time  approached  a  pair  of  cork  balls 
to  the  middle  plate  in  the  same  manner  as  I  did  to  the  globe  in 
tlie  first  esperiment  and  observed  how  much  they  separated,  i 
b^ng  taken  to  take  away  the  electricity  of  the  outer  plates  as  soon 
Bfi  drawn  away.  I  then  removed  the  outer  plates  and,  by  the 
same  means  that  I  used  in  'the  first  experiment,  made  the  quan- 
tity of  redundant  fluid  ui  the  jar  le-ss  than  before  in  a  given  ratio, 
aijd  by  means  of  this  jiir  electrified  the  middle  plato  by  itself  and 
approached  the  cork  balU  as  before.     In  this  manner  I  proceeded 
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tin  I  fem^l  L?w  in-xh  h  vms  necessur  to  HimmijJi  the  quantity 
c(  nediolizii  S^iSi  isi  i&e  ju-  in  c«der  that  the  corks  might  sepa- 
me  as  much  as  Ik£:««-.  ashi  oc-cksequentlr  how  mach  less  ihe  quan- 
titr  of  reduzkiani  £:iSd  in  the  middle  plate  when  placed  between 
the  two  other  plates  was  than  that  which  it  would  have  received 
br  the  sazne  degree  of  ckec^zincatioQ  if  placed  by  itself*. 

The  result  was  that  when  the  distance  of  the  outer  plates  was 

(1*1 5 

^      .  inches,  the  qiiantitr  of  redundant  floid  in  the  middle  plate 

was  aboat  -.  times  less  than  it  would  be  if  electrified  in  the  same 
•  I 

degree  when  placed  by  itseH 

2S9]  It  is  plain  that  aocordii^  to  the  theory  the  quantity  of 
redundant  fluid  in  each  of  the  outer  plates  should  be  the  same, 
and  that  the  quantity  in  the  middle  plate  should  be  such  that  the 
repulsicMi  of  AB  and  ab  together  on  the  column  c^  shall  be  equal 
to  that  of  the  plate  €f  thereon  in  the  OMitrary  direction,  and  the 
redundant  fluid  in  each  of  the  outer  plates  is  not  much  more  than 
one-half  of  that  whidi  it  would  receiTe  by  the  same  d^ree  of  elec- 
trification if  jdaced  by  itsdf  Now  it  will  af^pear  by  computing, 
according  to  the  principles  deliT^ed  in  Prop.  XXX.  [Art.  141],  that 
the  quantity  of  redundant  fluid  in  the  middle  |date  will  be  so  ex- 
cessiTelT  different  according  to  the  diflerent  manner  in  which  the 
fluid  is  disposed  in  the  plates  that  there  is  no  forming  any  toler- 
able guess  how  much  it  ought  to  be ;  but  if  we  suppose  that  part 
of  the  redundant  fluid  in  each  plate  is  spread  uniformly  and  the 
rest  collected  in  the  circumference,  and  that  in  the  outer  plates 
the  part  that  is  spread  uniformly  is  |^  of  the  whole,  as  we  sup- 
posed in  Experiment  V»  the  quantity  of  redundant  fluid  in  the  mid- 
dle plate  when  the  distance  of  the  outer  plates  is  1*15  inches  will 
not  agree  with  observation,  unless  we  suppose  that  not  more  than 
the  21st  part  of  it  is  spread  uniformly ;  but  if  we  suppose  that  ^ 
of  the  redundant  fluid  in  the  outer  plates  is  spread  uniformly  the 
qtiantity  in  the  middle  plate  will  agree  with  observation,  if  we 
suppose  that  about  ^  of  it  is  spread  uniformly  and  the  rest  col- 
lected ia  the  circumference. 

When  the  distance  of  the  outer  plates  is  1*65  inches  there  is  no 
need  of  supposing  so  great  a  proportion  of  the  fluid  in  the  middle 

*  [Hii.  Hi  and  Note  33.] 
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plate  to  be  disposed  in  Uie  circumference  in  order  to  reconcile  the 
theory  with  observation. 

N.R  The  more  uniformly  we  suppose  the  fluid  to  be  spread 
in  the  outer  plates  and  the  le.'^s  so  in  the  middle,  the  greater 
should  be  the  quantity  in  the  middle  plate. 

The  above  computations  were  made  on  the  supposition  that  the 
plates  were  circles  of  14  inches  diameter,  that  is,  nearly  of  the 
mme  area  that  they  actually  were  of. 

SS90]  It  will  appear  by  just  the  same  method  of  reasoning  that 
was  used  in  the  remarks  on  the  22ud  Proposition  [Art.  74],  that  a 
vastly  greater  proportion  of  the  redundant  fluid  in  tlie  middle  plato 
will  be  collected  near  its  circumference  than  would  be  if  the  outer 
plates  were  taken  away,  and  perhaps  this  circumstance  may  make 
the  fluid  in  the  outer  plates  be  spread  more  uniformly  than  it 
would  otherwise  be,  so  that  it  seems  not  improbable  that  the  fluid 
in  the  plates  may  be  disposed  in  such  manner  as  to  make  the  ex- 
periment agree  with  the  tlieory. 

The  circumstance  of  ita  being  necessary  to  suppose  a  greater 
proportion  of  fluid  in  the  middle  plate  to  be  lodged  in  the  circum- 
ference when  the  plates  are  at  the  smaller  distance  from  each  other 
than  when  they  are  at  the  greater  agrees  very  well  with  the  theory, 
for  it  is  plain  that  the  nearer  the  outer  plates  are  to  each  other 
the  greater  proportion  of  the  fluid  in  the  middle  plate  should  be 
lodged  in  the  circumference. 

On  the  whole  I  see  no  reason  to  think  that  the  experiment  dis- 
agrees with  the  theory,  though  the  mid<lle  plate  was  certainly  more 
overcharged  than  I  should  have  expected. 


GENERAL  CONCLUSION. 

29IJ  The  1st  experiment  shews  that  when  a  globe  is  electri- 
fieil  the  whole  redundant  fluid  therein  is  lodged  in  or  near  its  sur- 
face, and  that  the  interior  parts  are  intirely,  or  at  least  extremely 
nearly,  saturated,  and  consequently  that  the  electric  attraction  and 
repulsion  is  inversely  as  the  square  of  the  distance,  or  to  speak 
more  properly,  that  the  theory  will  not  agree  with  experiment  on 
the  supposition  that  it  varies  according  to  any  other  law. 
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292]  The  2nd  experiment  shews  that  tbU  circumstance  of 
wLole  redundant  fluid  being  lodged  in  or  near  t}ie  surfuce  obtaim 
also  in  other  shaped  bodies,  as  well  a£  in  the  globe,  coiiformal^ 
to  the  supposition  made  in  the  remarks  at  the  end  of  Prop.  EE 
[Art.  41].  These  two  experiments,  at  the  same  time  that  thqj 
determine  the  law  of  electric  attraction  and  repiilaioii,  serve  ni 
some  measure  to  confirm  the  truth  of  the  theory,  as  it  is  a  ciP" 
cumstance  which,  if  it  had  not  been  for  the  theory,  one  wouUI 
by  no  means  have  expected,  1 

203]    From  the  4th  experiment  it  appears,  first,  that  the  chaigi 
of  different  hollies  of  the  same  shape  and  size,  all  ready  conductors*^ 
electricity,  is  the  same,  whatever  kind  of  matter  they  are 
of;  and  secondly,  that  the  charge  of  thin  plates  is  very  nearly 
same  whatever  thickness  they  may  be  of,  provided  it  is  very 
in  respect  of  their  breadth  or  smallest  diameter ;  but  if  their  llii< 
ness  bears  any  considerable  proportion  to  their  breadth,  then  th( 
charge  is  considerably  greater  than  if  their  thickness  were 
small     Theae  two  circumatancea  are  perfectly  conformable  to 
theory,  and  are  a  great  confirmation  of  the  truth  of  it. 

294]  Tho  remaining  experiments  contain  an  examinat 
whether  the  charges  of  several  difil'ercnt  sized  and  different  shaped 
bodies  bear  the  same  proportion  to  each  other,  which  they  ou^it 
to  do  according  to  the  attempts  made  in  different  parts  of  thi 
papers  to  compute  their  charges  by  theoiy,  supposing,  as  we  haw 
shewn  to  be  the  case,  that  the  electric  attraction  and  repulsion  lA 
inversely  as  the  square  of  the  distance :  with  regard  to  this 
rauBt  be  observed  that,  as  in  computing  their  charges  I  was  obliged' 
to  make  use  of  a  supposition,  which  certainly  does  not  take  placv 
in  nature,  it  would  be  no  sign  of  any  error  in  the  theory  if  tliaii 
actual  charges  differed  veiy  much  fi^m  their  computed  ones;  btt^ 
on  the  other  hand,  if  the  observed  charges  agree  very  nearly  with^ 
the  computed  ones,  it  not  only  shews  that  the  aetiial  charges  of 
different  bodies  bear  nearly  the  same  proportion  to  each  other  that 
they  would  do  if  they  wore  connected  by  canals  of  incompreasibla 
fluid,  but  is  also  a  strong  confirmation  of  the  truth  of  the  theoij^ 
Now  this  appears  to  be  the  case,  for,  first  tho  charge  of  a  tin  pli 
was  found  to  be  nearly,  though  not  quite,  tlie  same  in  what 
part  it  was  touched  by  the  electrifying  wire,  or  in  whatever 
tion  it  was  placed  in  respect  of  the  jar  by  which  it  was  electril 
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Secondly,  the  charge  of  a  single  plate  or  wire  was  found  to  bear 
nearly,  though,  in  the  first  case,  I  believe,  not  quite  the  same  pro- 
portion to  two  similar  plates  or  wires  of  half  the  diameter  or 
length  which  it  ought  to  do  according  to  computation.  Thirdly, 
the  proportion  which  the  charges  of  a  thin  circular  plate  and  of 
three  cylindrical  bodies  of  different  lengths  and  diameters  bear  to 
that  of  a  globe  agree  with  computation ;  but  it  must  be  observed 
that,  as  the  proportion  of  the  charges  of  the  bodies  to  that  of  the 
globe  is  determined  by  the  theory  within  only  very  wide  limits, 
their  agreement  cannot  be  looked  upon  as  so  great  a  confirmation 
of  the  theory  as  it  would  otherwise  be,  yet  as  their  shapes  are  so 
very  different  I  think  that  theii*  agreement,  even  within  those 
limits,  may  be  considered  as  a  considerable  confirmation  of  it. 


PART  *. 
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295]  This  part  consists  chiefly  of  experiments  made  to  deter- 
mine the  charges  of  plates  of  glass  and  other  electric  substances 
coated  in  the  manner  of  Leyden  yials.  The  method  I  used  in 
doing  this  was  nearly  of  the  same  nature  as  that  by  which  I  deter- 
mined the  charges  of  the  other  sort  of  bodies  in  the  preceding  part, 
but  the  apparatus  was  more  compact  and  portable  and  is  repre- 
sented in  Fig.  20,  where  Hh  is  a  horizontal  board  lying  on  the 
ground,  LI  and  LI  are  two  upright  pillars  supporting  the  two  hori- 
zontal bars  Nn  and  Pp,  both  at  the  same  height  above  the  ground, 
and  parallel  to  each  other. 

To  these  two  bars  are  fastened  four  upright  sticks  of  glass 
covered  with  sealing  wax;  they  are  represented  in  the  figure  and 
shaded  black,  but  are  not  distinguished  by  letters  to  avoid  con- 
fusion*  To  these  sticks  of  glass  are  fastened  four  horizontal  pieces 
of  wire  Aa,  Bb,  Dd,  and  Ee^  and  to  i9&  is  fastened  another  wire  mM 
supported  at  the  further  end  by  a  stick  of  waxed  glass. 

Rr  is  a  wooden  bar  reaching  from  the  wire  Ee  to  the  pillar  LI, 
and  along  the  upper  edge  of  this  bar  runs  a  wire,  one  end  of  which 
is  wound  round  the  wire  Ee  and  the  other  reaches  to  the  ground 
and  serves  to  make  a  communication  between  Ee  and  the  ground* 
Cc  and  Kk  are  two  wires  fastened  firmly  together  at  k  serving  to 
electrify  the  plate.  They  are  moveable  upon  jS*  as  a  center  where 
they  communicate  with  the  inside  coating  of  one  or  more  large  ] 
glass  jars,  and  the  same  electrometer  that  was  used  in  the  former  \ 
experiments  is  fastened  to  the  prime  conductor  by  which  the  jan 

*  [Not  nombered  by  CaYendish.] 


i  electrified,  in  order  that  they  may  be  charged  to  the  same 

«  each  lime. 

I  To  the  ends  C  and  c  of  the  wire  Cc  is  fastened  a  silk  string, 

I  represented  in  the  figure,  passing  over  the  piiiley  S,  with  a 

RonDterpoise  vj  at  the  other  end  which  serves  to  lift  Cc  from  off 

tlwwires^a  and  Bb,  or  to  let  it  down  upon  them  at  pleasure. 

Gg  is  a  wire  the  end  Q  of  which  is  bent  into  a  ring,  through  which 
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passes  the  wire  Ee,  so  that  Og  turns  upon  &  as  a  center.  J/  is  a 
wire  turning  in  the  same  manner  as  Dd.  The  ends  g  and  /  of 
these  wires  are  fastened  by  silk  strings  to  G  and  c  as  represented 
in  the  figure,  in  such  manner  that  when  Cc  rests  on  the  wires  Aa 
and  Bh,  Gg  and  Ff  rest  on  Dd  and  Ee,  but  on  lifting  up  Cc,  Gg 
and  iy  are  also  lifted  oflF  from  Dd  and  Ee. 

The  counterpoise  w  is  so  heavy  as  to  overcome  the  weight  of 
Cb,  and  to  lift  it  up  till  the  wires  Gg  and  Ff  bear  against  Aa  and 
Bby  which  prevents  Cc  from  rising  any  higher. 

Fig.  aoa. 


[Note.  This  Figure  was  found  among  the  MS.  It  is  not  nmnbered,  nor  does 
any  part  of  the  MS.  seem  to  refer  to  it,  but  it  is  inserted  here  to  show  some  of  the 
details  of  a  piece  of  apparatus  similar  to  that  described  in  the  text.] 

296]  In  making  the  experiment  one  of  the  plates  whose 
charges  we  want  to  compare  together,  or  the  plate  £  as  we  will 
call  it,  is  laid  on  the  bars  j^  and  Pp^  between  the  sticks  of  glass 
and  end  N,  the  upper  coating  thereof  being  made  to  communicate 
with  Bh  and  Mm  by  a  wire  V  resting  on  Mm,  and  the  lower 
coating  is  made  to  communicate  with  the  ground  by  a  springing 
wire  S  fastened  to  Rr,  and  by  its  elasticity  bearing  against  the 
lower  coating  of  the  plate. 

Another  coated  plate  is  laid  on  the  same  bars  between  the 
sticks  of  glass  and  n  by  way  of  trial  plate,  the  upper  coating  of 
which  communicates  with  Aa  by  the  wire  /9,  and  the  lower  coating 
'"ommunicates  with  Dd  by  the  springing  wire  &    A  pair  of  pith 

if  also,  such  as  were  used  in  the  former  experiments,  were 
mded  from  D  as  represented  in  the  figure. 
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In  tr}ring  tlie  experimenta,  the  jars,  and  consequently  the  wire 

axe  cfiarged,  the  wire  Cc  being  all  that  time  lifleJ  up  as  high 

it  will  go  by  me.ans  of  the  counterpoise.  \\'lien  the  jars  are 
.1  to  the  proper  tJegree  as  shown  by  the  electrometer,  the 
:e  Cc  18  let  down  on  the  wires  Aa  ami  Bb  by  lifting  up  the 

nterpoise.  This  instantly  charges  both  the  coated  plates,  for 
leo  Cc  rests  on  Aa  and  Jib,  and  consequently  fy  and  Gff  rest  on 

and  Dd,  the  lower  coatings  of  both  plat«s  communicate  with 
le  grouud,  and  their  upper  coatings  with  Cc. 

Immediately  after  this  the  counterjioise  is  let  go,  by  which 
means  Cc  ia  lifted  up,  and  Gff  and  Ff  along  with  it,  till  the  two 
mentioned  wires  bear  against  Aa  and  Bb,  so  that  imniediatoly 

tr  the  coated  plates  are  charged,  the  communication  between 
tiiera  and  the  wire  Cc,  by  which  they  were  electrified,  is  taken 
away,  and  at  the  same  time  the  communication  between  the  lower 
(Miating  of  the  trial  plate  and  the  ground  is  taken  away,  and  imme- 
diately after  that  a  communication  is  made  between  the  upper 
coating  of  the  plate  B  and  the  lower  coating  of  the  trial  plate,  and 
also  a  communication  is  made  between  the  upper  surface  of  the 
tiial  plate  and  the  ground,  so  tliat  the  upper  coating  of  the  trial 
plate  and  the  lower  coating  of  the  plate  B  both  communicate  with 
the  ground,  and  the  upper  coating  of  B  and  the  lower  coating  of 
the  trial  plate  communicate  with  each  other  and  the  wire  Dd. 

Consequently,  if  the  quantity  of  redundant  fluid  communicated 
lo  the  wires  Bb  and  Mm  and  the  upper  side  of  the  plati;  B  to- 
gether is  equal  to  the  deficient  fluid  on  the  under  side  of  the  trial 
jilate,  t.hey  and  the  wire  Dd  will  be  neither  over  nor  undercharged 
after  the  operation  is  completed;  but  if  the  redundant  fluid  in 
them  exceeds  the  deficient  fluid  on  the  lower  side  of  the  trial  plate, 
Dd  will  be  overcharged,  and  the  pith  balls  will  separate  positively. 
On  the  other  hand,  if  it  is  less  than  the  deficient  fluid,  the  pith 
balls  will  separate  negatively. 

297]     The  trial  plate  consisted  of  a  flat  plate  of  glass,  or  other 

elertric  substance,  the  lower  surface  of  which  was  coated  all  over 

with  tinfoil,  but  on  the  upper  side  there  was  only  a  small  coating 

of  tinfoil.     I  had  aiso  flat  plates  of  brass  of  difft-rent  sizos  which  I 

aid  lay  on  the  upper  surface,  and  slip  backwards  and  forwanls, 

thereby  increase  or  diminish  the  size  of  the  upper  coating  at 

L-,  for  the  area  of  tlie  upper  coating  is  equal  to  the  aro&  of 
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tlie  piftle  of  brass  added  to  that  of  so  much  of  the  tinfoil  as  is  left 
iuicoT»ed  br  the  brass*. 

B]r  this  means  I  could  increase  or  diminish  the  quantity  of 
deficient  fluid  on  the  lower  side  of  the  trial  plate  at  pleasure,  for  I 
cooki  alter  the  size  of  the  upper  coating  at  pleasure,  and  the  quan- 
titT  of  deficient  fluid  on  the  under  side  of  the  plate  is  not  much 
greater  than  it  would  be  if  the  lower  coating  was  no  greater  than 
the  ujq[>ery  and  consequently  depends  on  the  size  of  that  upper 
coating. 

As  it  is  necessaiy  that  the  trial  plate  should  be  insulated,  it  was 
not  laid  immediately  on  the  bars  Nn  and  i^,  but  was  supported  by 
sticks  of  waxed  glass  fastened  to  those  bars. 

Haying  by  these  means  found  what  size  it  was  necessary  to 
give  to  the  upper  coating  of  the  trial  plate  in  order  that  the  pith 
balls  should  separate  positively  just  sensibly,  and  what  size  it  was 
necessary  to  give  to  it  that  they  might  separate  as  much  negatively, 
I  removed  the  plate  B  and  placed  the  plate  or  plates  which  I 
intended  to  compare  with  it  (or  the  plate  &  as  I  shall  call  it)  in  its 
room  and  repeated  the  experiment  in  just  the  same  manner  as 
before.  Then,  if  I  found  that  the  size  which  it  was  necessary  to  give 
to  the  upper  coating  of  the  trial  plate  in  order  to  exhibit  the  same 
phenomena  was  the  same  as  before,  I  concluded  that  the  charge  of 
the  plate  b  was  the  same  as  that  of  B,  If,  on  the  other  hand,  I 
found  that  it  was  necessary  to  make  the  area  of  the  upper  coating 
of  the  trial  plate  greater  or  less  than  before  in  any  ratio,  I  con- 
cluded that  the  charge  of  b  was  greater  or  less  than  that  of  B  in 
the  same  ratio,  for  the  quantity  of  deficient  fluid  on  the  lower  side 
of  the  trial  plate  will  be  pretty  nearly  in  proportion  to  the  area  of 
the  upper  coating. 

N.B.  In  the  following  experiments  it  was  always  contrived  so 
that  the  charges  of  the  plates  to  be  compared  together  should  be 
pretty  nearly  alike,  so  that  if  the  quantity  of  deficient  fluid  on  the 
lower  surface  of  the  trial  plate  was  not  exactly  in  this  proportion, 
it  would  make  very  little  error  in  the  proportion  of  the  charges. 

298]  The  method  above  described  is  that  which  I  made  use 
of  in  my  first  experiment,  but  I  afterwards  made  use  of  another 

"  ^3.    In  order  to  estimate  how  much  of  the  tinfoil  was  left  imcoYored>  I  drew 
linM  npon  it  at  small  equal  interrals  from  each  other,  and  took  notice 
Smm  linet  the  edge  of  the  hrass  plate  stood  at.    [Arts.  448,  488.] 
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method  a  UtUe  different  from  tliia.  and  which  I  found  more  exact, 
though  rather  more  complicated,  namely,  for  eat-h  set  of  platea  that 
I  wanted  to  compare  together  I  prepared  two  trial  plates,  which  I 
shall  call  L  and  /,  not  coated  as  that  above  described,  hut  in  the 
usual  way,  namely,  with  the  coatings  of  the  same  size  on  both  sides*. 
The  first  of  these  plates,  or  L,  was  of  such  a  size  that  when 
used  as  a  trial  plate  with  the  plate  S  or  i  on  the  other  side,  the 
quantity  of  deficient  fluid  in  it  was  rather  more  than  ought  to  be 
in  order  that  the  pith  balla  should  just  sepai'ate  negatively,  and 
the  second  plate  I  was  rather  greater  than  it  ought  to  be  in  order 
that  they  should  just  separate  positively. 

I  also  prepared  a  sliding  plate  of  the  same  kind  as  the  trial 

plate  used  in  the  former  method,  but  whose  charge   was  many 

times  leas  than  that  of  the  plate  B  or  h.     This  sliding  plate  I 

placed  along  with  the  plate  fi  or  6  on  the  side  iV,  and  on  the  other 

side  I  placed  the  trial  plate  L  and  found  what  size  it  was  necessary 

■'  to  give  to  the  coating  of  the  sliding  plate  in  order  that  the  balls 

Vjgbould  just  separatee  negatively.     I  then  removed  the  plate  faud 

^^Nit  6  in  its  room,  and  fotmd  what  sized  coating  it  was  necessary  to 

give  to  the  sliding  plate  in  order  that  the  balla  should  separate 

the  same  as  before.     Having  done  this,  I  removed  the  trial  plat©  L 

and  put  /  in  its  room,  and  triud  each  of  the  plates  B  and  h  as 

before,  finding  what  coating  It  was  necessary  to  give  to  the  sliding 

plate  that  the  balls  might  just  separate  positively. 

Having  done  this,  if  I  found  that  it  required  the  coating  of  the 
sliding  plate  to  bo  of  the  same  size  in  order  to  exhibit  the  same 
phenomena  in  trying  the  plate  £  aa  in  trying  h,  it  ia  plain  that  the 
charges  of  B  and  h  must  be  both  alike,  but  if  I  found  that  it  waa 
necessary  to  give  less  surface,  one  square  inch  for  instance,  to  the 
coating  of  the  sliding  plate  in  trying  B  than  in  trying  t,  then  it  is 
plain  that  the  charge  of  B  exceeds  that  of  6  by  a  quantity  equal 
to  that  of  the  charge  of  the  sliding  plate  when  its  surface  is  one 
Kfoare  inch,  supposing,  as  is  very  nearly  the  case,  that  the  charge 
of  the  sliding  plate  is  in  proportion  to  the  Buriace  of  its  upper 
coating. 

In  this  way  of  trying  the  experiment,  it  is  plain  that,  in  order 
■  to  determine  the  proportion  which  the  charges  of  B  and  h  bear  to 
^UBch  other,  we  must  first  know  what  proportion  the  charge  of  the 
HE  ■  [Art.  467.1 

L  1 
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gliding  plate,  when  its  coating  is  of  a  given  size,  bears  to  that  of  B. 
This  I  found  by  finding  what  sized  coating  must  be  given  to  the 
sliding  plate  that  its  charge  should  be  equal  to  that  of  another 
plate,  the  proportion  of  whose  charge  to  that  of  5  I  was  ac- 
quainted with. 

It  is  plain  that,  if  it  is  necessary  to  give  one  inch  less  surface 
to  the  coating  of  the  sliding  plate  in  trying  B  than  in  trying  6 
when  the  trial  plate  L  is  made  use  of,  it  will  be  necessary  to  make 
the  same  difference  in  the  surface  of  the  sliding  plate  when  the 
trial  plate  I  is  made  use  of,  so  that  I  might  have  saved  the  trouble 
of  making  two  trial  plates.  However,  for  the  sake  of  more  accuracy, 
I  always  chose  to  make  two  trial  plates  and  to  take  the  mean  of 
the  results  obtained  by  means  of  each  trial  plate  for  the  true 
result 

299]  One  reason  why  this  method  of  trying  the  experiment  is 
more  exact  than  the  former,  or  that  by  means  of  a  sliding  plate 
only,  is  that  in  the  former  method  I  was  liable  to  some  error  from 
inaccuracy  in  judging  how  much  of  the  tinfoil  coating  of  the  trial 
plate  was  left  uncovered  by  the  sliding  brass  plate,  whereas  in  this 
method,  as  the  charge  of  the  sliding  plate  is  but  small  in  respect 
of  that  of  By  it  was  not  necessary  to  be  accurate  in  estimating  its 
surface.  But  I  believe  the  principal  reason  is  that  an  error  which 
will  be  taken  notice  of  by  and  by,  and  which  proceeds  bom.  the 
spreading  of  the  electricity  on  the  surface  of  the  glass,  is  greater  in 
a  sliding  plate  than  in  one  coated  in  the  usual  manner. 

In  general  I  think  it  required  scarcely  so  great  an  increase  of 
the  charge  of  the  trial  plate  to  make  a  sensible  alteration  in  the 
d^ee  of  separation  of  the  pith  balls  in  the  following  experiments 
as  in  the  preceding,  and  therefore  it  should  seem  as  if  these  experi- 
ments were  capable  of  rather  more  exactness  than  the  former,  but 
tliis  was  not  the  case,  as  the  different  trials  were  found  not  to  agree 
together  with  quite  so  much  exactness  in  these  experiments  as  the 
preceding.'  For  this  reason,  and  also  because  they  were  attended 
with  less  trouble,  I  repeated  the  experiments  ofbener,  as  I  not  only 
comimred  each  plate  with  the  trial  plate  for  more  times  together 
as  I  did  in  tlic  preceiling  experiments,  but  in  general  I  repeated 
the  experiment  on  several  different  days. 

300]    The  circumstance  which  gave  me  the  most  trouble  in 
experiments  was  the  spreading  of  the  electricity  on  the  sur- 
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iace  of  tbe  glass.    To  uudcrstand  this,  l«t  A  Bab.  Fig.  21.  be  n  fl»t 
pUtte  of  coated  glass,  cd  ani]  CD  beiog  tbe  two  coatings,  and  let 

^■0/>  be  positively  electrified,  and   let  cJ  communicate  with  tbe 

^^faound. 

■ 

I    ^   :— :-^ 

It  is  plain  that  tbe  electric  fluid  will  flow  gradually  from  CD 
and  spread  itself  all  round  on  the  surface  of  the  glass,  and  nearly 
the  same  quantity  of  fluid  will  flow  from  the  opposite  side  of  the 
glass  into  cd,  so  that  those  parts  of  the  glass  which  are  not  coateil 
gradaally  become  charged,  those  parts  becoming  so  soonest  which 
are  nearest  the  edge  of  the  glass. 

On  discharging  the  plat^J  the  uncoated  part  of  the  glass 
gradually  discharges  itself,  as  on  the  side  AB  the  fluid  will  fluw 
gradually  from  the  uncoated  part  of  tbe  glass  into  CD,  and  on 
tbe  opposite  side  it  will  fiow  into  the  uncoated  part  of  the  glass 
from  cd. 

301]  There  is  a  great  deal  of  difference  in  this  respect  be- 
twoen  different  kin<ls  of  glass,  as  on  some  kinds  it  spreads  many 
times  faster  than  on  others.  The  glass  on  which  it  spreads  the 
fastest  of  any  I  have  tried  is  a  thin  kind  of  plate-glass,  of  a  green- 
ish colour,  much  like  that  of  crown-glass,  and  which  I  iiave  been 
told  is  brought  from  Nuremberg".  On  the  English  plate-glass  it 
does  not  spread  near  so  fast,  but  there  ia  a  groat  deal  of  difference 
in  that  respect  between  diiferent  pieces,  On  the  crown-glass  it 
spreads  not  so  fast  as  on  tbe  Nurembei^.  but  I  think  faster  than 
on  the  generality  of  English  plate-glass.  On  white  ghiss  I  tliiuk 
it  spreads  as  slowly  as  any. 

302]     The  way  in  which  I  compared  the  velocity  with  which 

it  spread  on  different  plates  was  as  followit-|-.     1  took  away  the 

!  ff  (Fig.  20)  and  placed  the  plate  which   I  wanted  to  try 

4iere  the  plates  L  or  I  used  to  be  placed,  the  lower  coating  com- 

fUnicating  as  usual  with  Dd  by  the  wire  S,  but  the  wire  0  being 

rawn  up  by  a  silk  string  so  as  not  to  touch  the  upper  coating. 

!  wire  Cc  is  suffcreil   \a  rest  on  Aa  and  the  jara  electrified. 

-  [Art.  m.\  1  iSce  Aria.  486,  186,  4»7.     Ainu  lUl  to  W.i.l 
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When  they  are  suflSciently  charged  fi  is  let  down  on  the  upper 
coating,  which  instantly  charges  the  plate  to  be  tried,  and  im- 
mediately the  wire  Og  is  lifted  up  from  Dd,  but  not  high  enough 
to  touch  Aa.  Consequently,  immediately  after  the  plate  is  charged, 
the  communication  between  Dd  and  the  ground  is  taken  away, 
and  consequently  as  fast  as  any  fluid  flows  from  the  uncoated  pai-t 
of  the  under  surface  of  the  glass  to  the  lower  coating,  some  fluid 
will  flow  into  Dd  and  overchai^ge  it,  and  consequently  make  the 
pith  balk  separate. 

303]  In  order  to  prevent,  if  possible,  the  ill  effects  proceeding 
from  this  spreading  of  the  electricity,  I  took  some  coated  plates  of 
glass,  and  covered  all  the  uncoated  part  with  cement  to  the  thick- 
ness of  ^  or  ^  an  inch,  as  in  Fig.  22,  which  represents  a  section 

Fig.  22. 


t 
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passing  through  the  middle  of  the  plate  perpendicular  to  its  plane, 
and  in  which  the  glass  plate  and  coatings  are  represented  by  the 
same  letters  as  before,  and  the  dotted  lines  represent  the  cement*. 
Thinking  that  it  would  be  impossible  for  the  electricity  to  spread 
between  the  cement  and  the  glass,  in  which  case  this  method  must 
have  been  perfectly  effectual,  as  it  would  be  necessary  for  the 
electricity  to  spread  itself  not  only  on  the  perpendicular  surface  efy 
but  also  to  some  distance  on  the  horizontal  surface  fg,  before  the 
quantity  of  redundant  fluid  lodged  on  the  surface  of  the  cement 
could  bear  any  sensible  proportion  to  that  in  the  coating  CD. 

304]  The  result  was  that  in  dry  weather  the  electricity 
seemed  to  spread  as  fast  on  those  plates  which  were  covered  with 
cement  as  on  the  others,  but  in  damp  weather  not  so  fast,  the 
difference  between  dry  and  damp  weather  being  less  in  those  plates 
which  were  covered  with  cement  than  the  others;  and  besides 
that  there  seemed  as  much  difference  between  the  swiftness  with 
which  it  spread  on  the  surface  of  the  Nuremberg  and  English  plates 

*  [Art.  484.] 
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after  they  were  covered  with  cement  as  before,  wliich  shows 
plainly  that  the  electricity  spread  between  the  cement  and  the 
glass,  and  not  on  the  surface  or  through  the  substance  of  the 
cement.  It  could  not  be  owing,  I  think,  to  ita  passing  through  the 
substance  of  the  glass,  for  if  it  was,  there  would  hardly  be  much 
difiference  in  the  uncoated  plates  between  damp  and  dry  weather, 
whereas,  in  reality,  there  was  a  very  great  one. 

I  also  tried  what  effect  varnishing  the  glass  plates  would  have, 
but  I  did  not  find  that  it  did  better,  if  as  well,  aa  covering  them 
with  cement 

305]  As  there  seemed,  therefore,  to  be  very  little  advantage  in 
covering  the  plates  with  cement  or  varnishing  them,  and  as  it  was 
attended  with  a  good  deal  of  trouble,  I  <ltd  not  make  use  of  those 
methods,  but  trusted  only  to  letting  the  wires  down  and  up  pretty 
quick,  so  as  to  allow  very  Utile  time  for  the  electricity  to  spread 
on  the  surface  of  the  plates,  and  this  I  have  reason  to  think  was 
sufficiently  effectual,  as  I  never  found  much  difference  in  the 
divergence  of  the  pith  halts,  whether  the  wires  were  let  down  and 
up  almost  aa  quick  as  I  could,  or  whether  they  were  suffered  to 
rest  a  second  or  two  at  bottom. 

306]  As  the  wire  Cc  is  suffered  to  rest  so  short  a  time  on  Aa 
and  Bb,  it  is  plain  that  the  lower  coatings  of  the  trial  plate  and 
plate  to  be  tried  must  have  a  very  free  communication  with  the 
ground  and  the  outside  coating  of  the  jars,  or  else  there  would  not 
be  time  for  them  to  receive  their  full  charge.  I  acconiingly  took 
care  that  the  wires  which  made  the  communication  should  be  clean 
and  should  touch  each  other  in  as  broad  a  surface  as  I  could  con- 
veniently. As  for  the  method  I  took  to  have  a  ready  communica- 
tion with  the  ground,  it  is  described  in  [Art.  258], 

307]  Besides  this  gradual  spreading  of  the  electricity  on  the 
surface  of  the  glass,  there  is  another  sort  which  is  of  much  worse 
consequence,  as  I  know  no  method  of  guarding  against  it,  uamely, 
the  electricity  always  spreads  instantaneously  on  the  surface  of  the 
glass  to  a  small  distance  from  the  edge  of  the  coating,  on  the  same 
principle  as  it  flics  through  the  air  in  the  form  of  a  spark.  This  is 
visible  in  a  dark  room,  as  one  may  see  a  faint  light  on  the  surface 
of  the  glass  all  i-ouud  the  edges  of  the  coating,  especially  if  tlie 
glaw  i-i  thin,  for  ifit  is  thick  it  is  not  so  visible*. 
•  |See  Art.  033,  Feb,  I,  1773-1 
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tFrom  ■  pliotofin'Th  tttkcn  in  tho  Cavcndisl]  LBbonitory  aS  a  jiliilfl  ol  glBw 
lii  a  eironl&r  llnloil  coaling  an  one  »ide,  a  taiaei  coating  bems  ai>|iIliHl  to  Iht 
kar  lids  lA  the  glow.  Tlie  eloctriSoatioo.  of  the  coatiiigH  vns  prfxIiiiHiil  Ly  in 
piction  ooil.] 
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I  308]     There  is  another  circmastance  wliich  bIiows  this  instan- 

'    taneoua  spreatling  of  the  electricity,  namely,  after  having  chained 

i  discburgecl  a  coated  plate  of  glass  a  great  many  times  together 

1^  jliUiODt  cleauing  it,  I  have  frequently  seen  a  narrow  fringed  ring 

f^rfdict  on  the  glass  all  round  the  coating,  the  space  between  the 

ring  and  the  coating  being  clean,  and  in  general  about  y^  inch 

bnad*.     This  must  in  all  probability  have  proceeded  from  some 

dirtlwing  driven  off  from  the  tinfoil  by  the  explosions,  and  de- 

posHed  on  the  glass  about  the  extremity  of  that  spaco  over  which 

tte  electricity  spreads  instantaneously,  and  therefore  seems  to  show 

t  tlie  distance  to  which  the  electricity  spreads  instantaneously 

t  very  different  from  -jij  of  an  inch. 

SOS]  From  some  experiments  which  will  be  mentioned  by 
byf-,  I  am  inclined  to  think  that  the  distance  to  which  the 
city  spreads  instantaneously  is  about  y^  of  an  inch  when 
tbs  tiiiekness  of  the  glass  is  about  ^  of  an  inch  and  about  j^  of  an 
tuil  irbcD  its  thickness  is  about  ^  of  an  inch;  or  more  properly 
tlHt'qttitttity  of  redundant  fluid  wfatch  spreads  itself  on  the  surface 
of  tfel  ^ass  is  the  same  that  it  would  be  if  the  distance  to  which 
it^lNwl  was  so  much,  and  that  the  glass  in  all  parts  uf  that  space 
WM  M  mtjch  charged  as  it  is  in  the  coated  part. 

SIO]  If  I  charged  and  discharged  a  coated  plate  several  times 
nUtt^g.  in  the  tlark,  with  intervals  of  not  many  seconds  between 
Ciah  tine,  I  commonly  observed  that  the  flash  of  light  round  the 
C^M  of  the  coating  was  stronger  the  first  or  second  time  than 
Um  CtUKceding  ones,  which  seems  to  shew  that  the  electricity 
ipiiHli  further  the  first  or  second  time  than  the  succeeding  ones. 
AWRBogly  I  frequently  found  in  trj'iug  the  following  experiments 
lll^tlie  pith  balls  would  separate  rather  differently  the  first  or 
fiftfljiiiil  time  of  trying  any  coated  plate  than  the  succeeding  one. 
O^Hrnng  that  I  now  s]ieak  of  the  half  dozen  trials  which,  as  I 
niil  in  [Art.  2'JD],  I  commonly  tJwk  with  the  same  plate  imme- 
iItmIitIj  after  one  another. 

311]  Before  I  proceed  to  the  experiments  it  may  be  proper  to 
retniud  the  reader*  that  if  a  plate  of  glass  or  other  non-conducting 
fiubatanoe,  either  flat  or  concave  on  one  side  aud  convex  on  the 

•  |»M  Art.  639.  Feb.  13,  1773.] 
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other,  provided  its  thickness  is  very  small  in  respect  of  its  leae 
radius  of  curvature,  is  coated  on  each  side  with  plates  of  metal  oCl 
any  shape,  of  the  same  size  and  placed  opposite  to  each  other,  its  I 
charge  ought  by  the  theory  to  be  equal  to  that  of  a  globe  whose 
diameter  ia  equal  to  the  square  of  the  semidiameter  of  a  circle 
■whose  area  equals  that  of  the  coating  divided  by  twice  the  thick- 
ness of  the  glass,  supposing  the  coated  plate  and  globe  to  be  placed] 
at  an  infinite  distance  froni  any  over  or  undercharged  body,  and  t 
be  connected  to  the  jar  by  which  they  are  electrified  by  canala  < 
incompressible  fluid;   provided  also  that  the  electricity  does  i 
penetrate  to  any  sensible  depth  into  the  substance  of  the  gta^ 
and  that  the  thickness  of  the  glass  bears  so  small  a  proportion  i 
the  size  of  the  coating  that  the  electricity  may  be  considered  I 
spread  uniformly  thereon. 

312]  It  was  before  said  that  tho  electricity  spreads  insi 
taneously  to  a  certain  distance  on  the  surface  of  the  glass,  so  that 
the  surface  of  the  glass  charged  with  electricity  is  in  reality  8omfr< 
what  greater  than  the  area  of  the  coating.  Therefore,  if  the  plated 
is  flat,  let  the  area  of  the  coating  be  increased  by  a  quantity  wbii^ 
bears  the  same  proportion  to  tlie  real  coating  as  the  quantity  of 
redundant  fluid  spread  on  the  surface  of  the  glass  beyond  the 
extent  of  the  coating  does  to  that  spread  on  the  coated  part  of  the 
glass.  That  is.  let  the  area  of  the  coating  be  so  much  increased  as 
to  allow  for  the  instantaneous  spreading  of  the  electricity,  and  let 
a  circle  be  taken  whose  area  equals  that  of  the  coating  thus 
increased,  I  call  the  square  of  the  seraidiameter  of  this  circle, 
divided  by  twice  the  thickness  of  the  glass  expressed  in  inches,  the 
computed  charge  of  the  plate,  because,  according  to  the  above- 
mentioned  suppositions,  its  charge  ought  to  he  equal  to  that  of  k 
globe  whose  diameter  equals  that  number  of  inches. 

313]  In  like  manner,  in  what  may  more  properly  be  called  a 
Leyden  vial,  that  is,  where  the  glass  is  not  flat,  hut  convex  or 
concave,  let  a  circle  be  taken  whose  area  is  a  mean  between  that 
of  the  inside  and  outside  coatings,  allowance  being  made  for  thsj 
spreading  of  the  electricity.  I  call  the  square  of  the  semidiamel 
of  this  circle,  divided  by  twice  the  thickness  of  the  glass,  the  o 
puted  charge  of  the  vial  In  like  manner,  if  the  real  chaige  of  any 
plate  is  found  to  be  equal  to  that  of  a  globe  of  a;  inches  in  diameter, 
I  shall  call  its  real  charge  at. 
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I  now  proceed  to  the  experimenta. 

314]  I  procured  ten  square  pieces  of  plate-glass  all  ground 
Ifint  of  the  same  piece  of  glass,  three  of  theni  8  inches  each  way  and 
about  1^  inch  thick;  three  more  of  about  the  same  thickness 
4  inches  each  way,  the  rest  were  as  near  to  ^  of  that  thickness  as 
the  workman  could  grind  them,  one  being  8  inches  long  and  broad, 
and  the  other  4  inches.  They  were  not  exactly  of  the  same  thick- 
in  all  parts  of  the  same  piece,  but  the  diS'erenco  was  not  very 
great,  being  no  where  greater  than  J  of  the  whole.  The  mean 
thickness  was  found  both  by  actually  measuring  their  thickness  in 
different  parts  by  a  very  exact  instrument  and  finding  the  mean, 
and  also  by  computing  it  from  their  weight  and  specific  gravity 
and  the  length  and  breadth  of  the  piece*.  The  mean  thickness,  as 
found  by  these  two  different  ways,  did  not  differ  in  any  of  them  by 
more  than  2  thousandths  of  an  inch. 

315]  All  these  plates  were  coated  on  each  side  with  circular 
pieces  of  tinfoil,  the  opposite  coatings  being  on  the  same  size  and 
placed  exiictly  opposite  to  each  other.  The  mean  thickness  of  the 
plates,  which  for  more  convenience  I  have  distinguished  by  letters 
of  the  alphabet,  together  with  the  diameters  of  the  coatings,  and 
their  computed  charge,  supposing  the  electricity  not  to  spread  on 
the  surface  of  the  glass,  are  set  down  in  the  following  table-f*. 


PUW.           ^ 

»«n 

Dlimour 

Comput«l 

ckn™i. 

ofcutlng. 

Cliup,, 

A 

2113 

0-57 

25-5 

B 

ai:j3 

6-6 

26-5 

G 

S066 

66 

35-6 

D 

2057 

2-13S 

2-83 

B 

2005 

2-16 

2-82 

F 

2115 

2-175 

2-80 

H 

07G6B 

6-8 

76-6 

K 

07713 

2-266 

8-31 

L 

0&2O6 

a-335 

8-31 

M 

07187 

3'19E 

8'38 

316]  The  sizes  of  the  coatings  were  so  adjusted  that  the  com- 
puted charges  of  D,  E,  and  J"  are  all  very  nearly  alike.  Those  of 
K,  L  and  M  were  intended  to  be  three  times  as  great  as  those  of 

*  A  cnliiu  incL  ol  water  v»s  <nipp(i^cJ  in  this  calculation  to  weigli  251)  gTKins 
Troy.    ISeeArts.  692.  sya.l 
t  {Art.  482,; 
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the  former,  and  consequently  the  diameters  of  their  coatings  nearly 
the  same.  The  compute  charges  of  A,  B  and  C  were  intended 
to  be  three  times  as  great  as  those  of  JST,  L  and  M^  and  conse- 
quently the  diameter  of  their  coatings  about  three  times  as  great, 
and  the  computed  charge  of  H  was  intended  to  be  three  times  as 
great  as  that  of -4.  By  some  mistake,  however,  the  coatings  of  A", 
L  and  M  were  made  rather  too  small,  but  the  error  is  very  trifling. 

317]  My  first  trials  with  these  plates  were  to  examine  whether 
the  charge  of  the  three  plates  i?,  E,  and  F  together  was  sensibly 
less  when  they  were  placed  close  together  than  when  they  were 
placed  at  6  inches  distance  from  each  other,  that  is  at  as  great  a 
distance  as  my  machine  would  allow  of.  I  could  not  perceive  any 
difference.  This  is  conformable  to  the  theory,  as  is  shown  in  [Art. 
185].  I  chose  to  make  the  experiment  with  these  three  plates,  as 
the  difference  should  be  more  sensible  with  them  than  with  any 
of  the  others. 

318]  Secondly.  I  compared  together  each  of  the  plates  i>, 
E  and  F.  I  could  not  perceive  any  sensible  difference  in  their 
charges*. 

Thirdly.  The  charge  of  the  plate  K  was  found  to  exceed  that 
of  the  three  plates  D,  E  and  F  together  in  the  proportion  of  1*016 
to  1.  The  charge  of  L  was  not  sensibly  different  from  that  of 
Ky  and  that  of  M  very  little  different. 

Fourth.  The  charge  of  each  of  the  plates  -4,  B  and  C  was  to 
that  of  the  three  plates  X,  K  and  J/ together,  as  0*905  to  1. 

Fifth.  The  charge  of  H  was  equal  to  that  of  the  three  plates 
Ay  B  and  C  together. 

Therefore  the  charges  of  2?,  K,  A  and  H  were  to  each 
other  as  1,  305,  828  and  24-9t. 

319]  It  appears,  therefore,  that  the  proportion  which  the 
charge  of  JST  bears  to  that  of  i>,  and  which  if  bears  to  that  of  A,  is 
very  nearly  the  same  as  that  of  their  computed  charges,  but  the 
proportion  which  the  charge  of  A  bears  to  that  of  ^  is  near  ^  part 
less  than  it  ought  to  be. 

This  in  all  probability  proceeds  from  the  effect  of  the  instanta- 
neous spreading  of  the  electricity  bearing  a  greater  proportion  to 

•  [See  Art.  489,  Feb.  4, 1772.]  t  [See  Also  Arts.  «66  to  068.] 


321]  SLIT  COATIS'GS.  159 

tha  wliole  in  the  plate  A'  than  it  does  m  A ,  ihe  diameter  of  whose 
coating  is  near  three  times  oa  great, 

321]  In  order  to  form  some  judgment,  if  possible,  bow  great 
the  effect  of  this  instantaneous  spreading  of  the  electricity  was,  I 
took  off  the  coatings  from  the  plates  A  and  B*,  and  put  on  others 
of  just  the  same  area  in  the  form  of  a  rectangular  parallelogram 
(that  of  ^  was  6'4.14  long  and  5-310  broad,  and  thatof  C  6398  long 
and  5'201  broad),  and  compared  their  charges  with  that  of  the  plate 
B,  whose  charge,  as  was  before  said,  was  just  the  same  as  those  of 
these  two  plates  before  their  coatings  were  altered, 

32X]  I  then  took  off  these  coatings^f",  and  on  ^  I  put  a  square 
coating  6"388  each  way  with  slits  cut  in  it,  as  in  Fig.  23,  each  -^ 
broad,  so  as  to  divide  it  into  9  smaller  st[uares,  each  1*863  inches 


mmi^iifmm 


r/mm^i^^- 


m//M//m//M 


v///mmmm^. 


y/mmfimfm., 


Ti^-Z^ 


•  [C,  SeoArt.  63fi.] 
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each  way.     The  narrow,  communications  marked  in  the  figure 
between  these  squares  were  each  -j^  of  an  inch  broad. 

On  CI  put  an  oblong  coating  6*377  long  and  6*343  broad,  with 
four  parallel  slits  cut  in  it,  as  in  Fig.  24,  each  -^  broad,  the  narrow 
space  left  between  these  slits  and  the  outside  being  ^  broad. 
Having  done  this,  I  compared  their  charges  with  that  of  the  plate 
B  as  before. 

It  must  be  observed  that  the  area  of  these  slit  coatings  was 
somewhat  less  than  that  of  the  circular  or  oblong  ones,  but  their 
whole  circumference,  including  the  circumference  of  the  slits,  is 
more  than  three  times  as  great  as  that  of  the  circular  or  oblong 
ones,  so  that  the  surface  of  glass  charged  by  means  of  the  instanta- 
neous spreading  of  the  electricity  was  more  than  three  times  as 
great  in  these  coatings  as  the  former,  and  consequently  the  quan- 
tity of  that  surface  may  be  determined  thereby,  supposing  that,  if 
it  was  not  for  the  spreading  of  the  electricity  on  the  surface,  the 
charge  of  a  coated  plate  would  be  the  same  whatever  shape  its 
coating  is  of,  provided  the  area  of  the  coated  surface  is  given. 

322.  In  order  to  find  whether  the  electricity  spread  to  the 
same  distance  upon  thin  glass  as  thick,  I  also  took  off  the  coatings 
firom  the  plate  H,  and  in  its  room  put  on  first  a  square  coating 
6*03  inches  each  way,  and  then  an  oblong  one  6*708  long  and 
6*514  broad,  with  four  slits  in  it,  as  in  Fig.  24,  each  -j^  broad,  and 
ascertained  the  proportion  which  its  charge  with  each  of  these 
coatings  bore  to  that  with  the  circular  coating  by  comparing  it 
with  another  plate,  the  proportion  of  whose  charge  to  that  of  the 
circular  coating  I  had  before  ascertained*. 

323]  It  appeared  from  these  experiments  that  if  we  suppose 
the  electricity  to  spread  instantaneously  about  *07  of  an  inch  on 
the  thick  glass  plates  such  as  A  and  C,  and  about  '09  on  the  thin 
ones,  not  only  the  charges  of  -4,  C  and  H  with  the  three  different 
coatings,  but  also  the  charges  of  all  the  plates  will  agree  very  well 
with  the  theory,  as  will  appear  by  the  following  table;  whereas,  if 
we  suppose  that  the  electricity  does  not  spread  sensibly  on  the 
surface  of  the  glass,  the  charge  of  the  plate  H  with  the  slit  coating 
would  be  greater  in  proportion  to  its  charge  with  the  circular  or 
oblong  coating  than  it  ought  to  be  in  the  ratio  of  7  to  6,  and  the 
error  in  the  plates  A  and  C  would  not  be  much  less. 

•  [Arts.  659—663.] 


326]  COMPARISON   OP  DIFFEBENT  COATINGS. 

324.]     Plates  with  circular  coatings. 


PtotM. 

Diuo>t«. 

InCTOHd 

diuueUi. 

ThlckDW. 

ConipuUid 

Ol«rT«d 

D 

2156 

2-295 

-2057 

3-30 

8^21 

E 

a-16 

2-3 

■2065 

3-20 

3'3I 

2175 

2-315 

■2115 

8-17 

3-ai 

E 

2-265 

S-415 

■07713 

g-69 

0-74 

L 

2-336 

2-61B 

■0S20G 

e-63 

9-7* 

M 

2195 

2-375 

■07187 

B-81 

9-84 

fi-S7 

0-71 

■2112 

26-6 

26-6 

6-6 

■213-2 

2n-6 

20-6 

C 

0-5 

6'C4 

-2CN15 

26-6 

H 

6-8 

C-99 

■07556 

80-6 

70-8 

!5]     The  same  plates  with  other  coatings. 


^ 

X 

Clcmm- 

Am  which 

Com     trf 

duni. 

A  with  oblaas 

34  1 

23-4 

1-64 

35-74 

269 

26-8 

31-8 

78  ■S 

6-16 

36-95 

27-8 

27-8 

C  ■n.ith  ollune 

333 

23-2 

1-62 

34-92 

2(1'9 

27-0 

C  *itli  eUtg 

30  ■* 

H  with  oblong 

3U'4 

24-1 

2-17 

38-57 

81-a 

80-7 

H  vritii  Blits 

33-3 

80-1 

7^21 

40-51 

853 

85-5 

By  the  observed  charge  in  the  foregoing  table,  I  mean  only  the 
proportion  which  the  obsierved  chaises  bore  to  each  other,  not  the 
real  observed  charges.     [See  Art.  671.] 

326]  From  the  circumstance  of  the  light  mentioned  in  [Art, 
307],  it  appears  plainly  that  the  electricity  does  actually  spread 
instantaneously  to  a  small  distance  on  the  surface,  and  from  the 
rings  of  dirt  taken  notice  of  in  Art.  308  it  seems  likely  that  the 
distance  to  which  it  spreads  is  not  very  different  from  what  we 
have  here  supposed;  moreover,  if  the  distsnce  to  which  the  electri- 
city spreads  is  such  as  we  have  supposed,  the  charges  of  all  these 
plfttes  bear  very  exactly  the  same  proportion  to  each  other  that 
they  ought  to  do  by  theory,  whereas  if  the  distance  to  which  the 
electricity  spreads  is  different  from  that  here  assigned,  and  conse- 
quently the  proportion  of  the  charges  of  different  plates  to  each 
other  different  from  that  furnished  by  theory,  it  seems  very  strange 
that  their  charges  should  all  have  happened  to  agree  with  compu- 
tation, notwithstanding  that  their  thickness  and  the  size  and  shape ' 
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of  tljeir  coatings  are  so  very  different.  I  think  therefore  that 
we  may  fairly  infer  both  that  the  distance  here  assigned  to  the 
spreiuling  of  the  electricity  is  right,  and  that,  if  it  was  not  for  thia  ■ 
spreading  of  the  electricity,  the  charge  of  any  plate  of  glass  would 
be  as  the  Equate  of  the  radius  of  the  circle  equal  in  area  to  tbo 
coated  surface  divided  by  twice  the  thickness  of  tho  glass,  that  iq 
that  the  actual  charges  are  in  proportion  to  the  computed 

327]  Though  it  seems  likely  from  these  experimenta  that  tll^ 
electricity  spreads  further  on  the  surface  of  thin  glass  than  it  doei 
on  thick,  yet  I  can  not  be  sure  that  it  does,  as  the  differeno* 
observed  ia  not  greater  than  what  might  proceed  from  the  em# 
of  the  experiment.  However,  as  there  seems  nothing  improbablA 
in  the  supposition,  I  shall  suppose  m  the  following  pt^es  that  it 
does  really  do  so. 

328]  When  I  say  that  the  electricity  spreads  ^  of  an  inolt 
on  the  surface  of  the  glass,  I  mean  that  the  quantity  of  electricity 
thereby  spread  on  the  uncoated  part  of  the  glass  is  the  same  thfti 
it  would  be  if  it  actually  spread  to  that  distance,  and  if  all  tlml, 
part  of  the  glass  which  it  spread  over  was  chai^d  in  the  samft 
degree  as  the  coated  part,  and  conseriuently  that  the  charge  of  th« 
plate  is  the  same  as  if  the  size  of  the  coating  was  increased  by  m 
ring  drawn  round  it  '07  of  an  inch  broad,  and  that  the  electricity 
was  prevented  from  spreading  any  further.  But  I  would  by  Dfl' 
means  be  understood  to  mean  that  no  part  of  the  electricitj 
spreads  to  a  greater  distance  than  that,  as  it  seems  very  lik«Ij 
that  it  does  so,  but  that  the  part  furthest  from  the  coating  is  leas 
charged  with  electricity  than  that  nearest  to  it. 

329]     What  is  said  above  must  be  understood  of  the  distanM  J 
to  which  the  electricity  spreads  with  that  degree  of  strength  whiobi 
I  commonly  made  use  of  in  my  experiments,  hut  I  also  maile  som 
trials  with  the  plates  A  and  C  to  determine  to  what  distance  i 
would  spread  with  two  other  degrees  of  electricity. 

If  a  jar  with  Lane's  electrometer  fixed  to  it*  was  charged  to  ' 
the  higher  degree,  it  would  discharge  itself  when  the  knob«  itf  tho 
electrometer  were  at  053  inches  distance ;  when  it  was  charged  to 
tlie  lower  degree,  it  discharged  itself  when  tliey  were  at  about  hiUf  J 
that  distance,  or  at  '027  of  an  inch ;  and  when  it  was  t" 
•  [Alt.  MO,  Fub,  111.  1773.) 


e  at  about  hiUl  J 
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the  usual  degree,  it  discharged  itself,  as  was  before  said,  at  *04>  of  an 
inch,  so  that  the  usual  degree  of  electricity  was  about  a  mean 
between  these  two*. 

It  seemed  as  if  the  electricity  spread  about  ^  of  an  inch  fur- 
ther with  the  stronger  degree  of  electricity  than  with  the  weaker, 
but  the  experiment  was  not  accurate  enough  to  determine  it  with 
certainty. 

330]  I  made  an  experiment  of  the  same  kind  to  determine 
whether  the  electricity  spread  to  the  same  distance  on  crown-glass 
as  on  this.  It  seemed  to  spread  about  jf^  of  an  inch  on  it,  that 
is,  rather  less  than  on  the  plate  J7,  though  its  thickness  was,  of 
the  two,  rather  less.  But  whether  this  difference  is  real,  or  owing 
to  the  error  of  the  experiment,  I  cannot  telL 

331]  There  seems  no  reason,  from  the  foregoing  experiments, 
to  think  that  the  charge  of  any  of  these  plates  is  sensibly  greater 
than  it  would  be  if  the  electricity  was  disposed  uniformly  on  their 
coated  surfaces,  as  their  charges  agree  very  well  together  without 
such  a  supposition.  If  we  suppose  that  the  charges  of  any  of 
them  are  sensibly  greater  than  they  would  be  if  the  fluid  was  dis- 
posed uniformly,  it  will  be  necessary  to  suppose  that  there  is  a 
still  greater  difference  between  the  distance  to  which  the  electri- 
city spreads  on  the  surface  of  thin  plates  and  that  of  thick  ones 
than  what  we  have  assigned.  But  I  shall  speak  more  on  this 
subject  at  the  end  of  Art.  [365]. 

332]  But  though  it  appears  from  the  foregoing  experiments 
that  the  charges  of  plates  of  glass  of  different  thicknesses  with 
coatings  of  different  shapes  and  sizes  bear  the  same  proportion  to 
each  other  that  they  ought  to  do  by  theory,  yet  their  charge  is  many 
times  greater  in  proportion  to  that  of  a  globe  than  it  ought  to  be 
on  a  supposition  that  the  electricity  does  not  penetrate  to  any 
sensible  depth  into  the  substance  of  the  glass,  as  will  appear  by 
the  following  experiment. 

333]  In  order  to  compare  the  charge  of  the  plate  D  with  the 
globe  of  12^  inches  used  in  the  former  part,  I  made  two  plates 
coated  as  a  Leyden  vial,  the  charge  of  each  of  which  was  about  \ 

♦  [By  Maofarlane'B  experiments  (Trans.  R.  8,  Edin.  Vol.  zzmi.  Part  n.  1878) 
^ba  eleotromotiye  force  required  to  produce  sparks  between  flat  diaka  al  thoae 
laces  would  be  14, 11*8,  and  9  tinits  respeotiyely.] 
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;  of  D,  each  consisting  of  two  ptatos  of  glass  cemented  together 
coated  on  their  outside  surfaces  with  circular  pieces  of  tinfoil 
about  1}  inch  in  diameter*. 

I  then  compared  the  charge  of  each  of  these  double  plates  with 
that  of  the  globe  in  the  same  mtuincr  that  I  compared  together 
the  charges  of  different  bodies  in  the  former  part,  the  only  differ- 
ence being  that,  in  trying  either  of  these  double  plates,  I  made  a 
communication  between  the  lower  coating  of  the  plate  and  the 
ground,  the  wires  Mm  and  Dd  (Fig.  1+)  being  contrived  so  that 
they  were  sure  to  fall  on  the  upper  coating-f-. 

By  this  means  the  charge  of  each  of  these  double  plates  was 
found  to  be  just  equal  to  that  of  the  globe.  Tht-  chaise  of  the 
plate  D  was  then  compared  with  that  of  the  two  double  plates 
together,  and  was  found  to  be  less  than  that  in  the  proportion  of 
2t)3  to  272,  and  consequently  the  charge  of  the  plate  Z>  is  to  that 
of  the  globe  as  26  3  to  13'6. 

33*]  Before  we  go  further  it  will  be  proper  to  consider  what 
effect  the  three  circumstances  taken  notice  of  in  Art.  277  will 
have  in  altering  the  proportion  of  the  charge  of  the  double  plate 
to  that  of  the  globe.  With  regard  to  the  two  first,  it  appears  that 
the  charge  of  the  glube  and  double  plate  will  neither  of  them  be 
sensibly  different  from  what  they  wouM  be  if  they  were  placed  at 
an  infinite  distance  from  the  jar  by  which  they  are  electrified,  and 
moreover,  in  trying  the  globe,  the  repulsion  of  the  redundant  fluid 
in  the  globe  increased  the  deticieace  of  Suid  in  the  trial  plate  as 
much  as  the  attraction  of  the  trial  plate  increased  the  quantity  of 
redundant  fluid  in  the  globej,  so  that  it  required  the  same  size  to 
be  given  to  the  trial  plate  as  it  would  have  done  if  the  globe  and 
trial  plate  had  exerted  no  attraction  or  repulsion  on  each  other ; 
and  in  trying  the  coated  plate,  the  coated  plate  coidd  not  sensibly 
increase  the  de&cience  in  the  trial  plate,  nor  could  the  attraction 
of  the  trial  plate  sensibly  increase  the  redundance  in  the  coated 
plate,  80  that  neither  of  these  two  causes  had  any  tendency  to 
aMei  the  proportion  of  the  charges  of  the  globe  and  coated  plato 
to  each  other. 

•  U  tbey  liacl  been  made  of  a  Biogle  piooe  of  glasB,  Iho  costingn  most  Lave  been 
pa  tmall  u  waulil  have  been  iDcaiiveiiient  UDleeR  the  gtun  lioJ  beeu  of  a  grealer 
tUelnuvi  tban  eoultl  hare  beon  easily  proouied.    [Arts.  14i>,  461,  SIO,  (IG3,  GSl.] 

t  [Arta.  4Se,  456,  478.)  X  l^ote  l''! 


168  EXPCBDmns  cs  auxiD  fiatesl  [335 

335]  Bat  tlie  thiid  cune  will  IttTe  a  sensiUe  effect,  for  in 
tnrii^  the  globe  tbe  floor  ^jod  sides  of  the  loom  near  it  would  be 
made  undefdlkir^ied.  wkich  woold  increase  tbe  charge  of  the  globe, 
whereas  in  trrii^  the  coated  plate  the  floor  woald  not  be  made 
aensiblf  ondefchazgcd,  nor,  if  it  was,  wooM  it  have  any  sensible 
effect  in  inereasing  the  chaige  of  the  plate. 

So  that  the  diaige  of  tlie  globe  bore  a  srasiUy  greater  propor- 
tion to  that  of  the  coated  plate  than  it  would  have  done  if  it  bad 
been  placed  at  an  infinite  distance  from  any  other  bodies. 

How  much  the  charge  of  the  globe  shoold  be  increased  hereby 
I  can  not  tell,  bot  I  should  imagine  it  shoold  be  at  least  by  -j^th 
part,  for  if  the  room  had  been  spherical  and  16  feet  in  diameter 
(aboat  its  real  sixe)  and  the  globe  placed  in  its  caiter,  it  should 
hare  been  increased  as  much  as  that*,  and  as  the  globe  was  really 
placed  three  times  as  near  to  the  floor  as  to  the  cdUi^i'y  I  suppose 
the  ^ect  to  have  been  still  greati^. 

*  Let  the  ^obe  BM.  wlkose  canftre  is  C,  be  iualatod  m  tiie  hoDov  ^obe  Dd3 
pi].    Let  tiw  iiuMr  gUibe  bt  poft.  tlrrfrified  by  tbe  enud  BE  not 


aofuntimicaiiiig  with  the  oater  ^obe.  And  lei  the  oater  globe  eommimieftte  with  the 
gronnd.  The  qiunt.  defie.  fluid  in  the  oater  globe  mnst  be  eqnal  to  the  ledimdmnt 
ia  the  inner  globe,  and  the  attraction  ol  the  oater  ^obe  on  the  emal  BE  ia  to  the 
repuliion  ol  the  inner  one  thereon  as 

J_  .  J_ 

CD'  BC 
and  therefore  the  quantity  of  redan,  fluid  in  the  inner  ^obe  is  to  thai  which  it 
woald  contain  if  the  oater  globe  were  away  as 

U  room  was  spherical,  16  feet  in  diameter,  globe  in  middle  ol  it,  ita  ehsise  ahoold 
be  increased  in  ratio  of  16  to  15  by  reason  of  andereharged  floor,  Ae. 

t  [This  is  the  only  indication  of  the  height  of  the  room.  The  liirjhji  wwe 
Boqpended  by  silk  strings  from  a  horizontal  bar  (Art.  466)  87*5  indbes  frost  tfae  loer. 
^  Art  474  the  pUritom  14  iBciiee  hi|»  diminished  the  he^jjit  M  the  bofci  ia  flit 
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^336]  In  order  to  finti  out,  if  possible,  how  much  the  charge  of 
globe  was  increased  hereby,  I  made  four  flat  plates  of  a  mixture 
roain  and  bees  wax*,  about  4  inches  square  and  '22  thick,  and 
coated  each  of  them  with  circles  of  about  1'8  inches  in  diameter, 
and  compared  the  chatge  of  each  of  them  separately  with  that  of  a 
circular  plate  of  tin,  9'3  inches  in  diameter.  I  then  compared 
the  charge  of  two  of  these  plates  together  with  that  of  a  tin  circu- 
lar plate  18^  inches  in  diamet«r,  and  lastly  I  compared  the  charge 
J    of  all  together  with  that  of  a  circle  of  36  inches  diameter-f. 

H  337]  By  a  mean  of  the  different  experiments  it  appears  that 
'  the  charge  of  each  of  the  rosin  plates  was  alike,  aod  that  the 
charge  of  any  one  of  them  was  to  that  of  the  circle  of  9'3  inches 
as  10-34  to  93,  that  the  charge  of  the  circle  of  ISJ  inches  was  to 
that  of  two  of  the  rosin  plates  together  as  2019  to  219fi,  and  that 
the  charge  of  the  circle  of  36  inches  was  to  that  of  all  four  plates 
as  43-75  to  4206. 

But  the  charge  of  the  four  plates  together  will  not  he  exactly 
four  times  the  charge  of  one  plate  singly,  as  some  allowance  must 
be  made  for  the  charge  of  the  wire  connecting  their  upper  sur- 
faces, and,  besides  that,  the  charge  of  the  plates  when  placed  close 
together  will  not  be  quit^  so  great  as  if  placed  at  a  distance  from 
each  otber^. 

By  trj-ing  the  charge  of  all  four  rosin  plates  together  by  the 
machine,  Fig.  20,  both  when  placed  close  together  and  at  as  great 
a  distance  from  each  other  as  I  cuiild,  I  found  their  charge  when 
close  together  to  be  to  their  charge  when  placed  at  a  distance 
nearly  as  41  to  41^,  and,  from  some  other  experiments  I  made,  I 
am  jncliaed  to  think  that  the  charge  of  each  of  the  wires  which 
connected  the  upper  coatings  of  the  plates  was  to  that  of  one  plate 
alone  as  28  to  930§. 

ratio  of  3  to  3.  Hence  the  height  of  the  center  ol  tbo  hodioa  ttaax  Uie  floor  wsa  42 
inoliea,  and  the  buiebt  of  the  room  i  x  4'2  inohea,  or  14  feet.  This  would  u^ee  with 
the  height  ol  the  top  ol  tbo  cinJe  of  18  incboa  being  SI  inches  from  the  floor 
(Art.  172).J 

*  Theee  plat«9  are  noD-condaotors  of  electricity,  luid  itiit;  lie  charged  lis  Ley  den 
vials.  The  manner  in  wbioh,!  made  Cbem  will  be  described  in  the  following  pages 
[Atta.  STS.  S14].  M<r  reason  for  making  tbcm  of  these  mutprials  is  tbnt  the  obarge 
«1  lucb  a  plate  it  much  Use  than  that  of  a  plate  ol  glass  of  the  same  dimensionB. 

t  It  mniit  be  observed  that,  in  tbo  two  ioat  tneutioned  oomparisuns,  the  roain 
platM  were  pbuwd  olnas  together  utd  their  tipper  inrtaces  oonneeted  b;  a  piece  of 

•  [Art.  567.1  S  l-^i''-'-  5Sn.  flKfl,  ako  ia.\ 
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From  these  circumstances,  I  am  inclined  to  think  that  the 
charge  of  two  plates  together  is  to  that  of  one  plate  alone  as  21*96 
to  10*34,  and  that  the  charge  of  the  four  plates  together  is  to  that 
of  one  alone  as  42*06  to  10*34,  and  consequently  that  the  charges 
of  the  tin  circles  of  9*3  inches,  18^  inches  and  36  inches  are  to 
each  other  as  9*3,  2019  and  43*75* 

338]  Though  I  do  not  know  how  to  calculate  how  much  the 
charge  of  the  circles  ought  to  be  increased  by  the  attraction  of  the 
undercharged  ground,  yet  I  think  there  can  be  little  doubt  but 
that  if  the  charge  of  the  plate  of  18^  inches  is  increased  in  any 
ratio  whatever  as  that  of  a;  to  a;  ~  18^,  the  charge  of  the  plate  of 
36  inches  will  be  increased  in  the  ratio  of  a;  to  a;  —  36,  and  that  of 
the  plate  of  9*3  inches  in  the  ratio  of  a;  to  a;—  9*3;  therefore  if  we 
suppose  that  the  charge  of  the  18^  inch  plate  is  increased  in  the 
ratio  of  9  to  8,  or  of  166i  to  166^  -  18  J,  the  charges  of  the  three 
plates  should  be  to  each  other  as 

36  X  166i     18^  X  166^       ,  9*3  x  166^ 
130^     '  148  157-2      ' 

that  is,  as        43*37,  19*65      and        9*3, 

which  agrees  very  nearly  with  experimeut,  and  nearer  so  than  it 
would  have  done  if  we  had  supposed  the  charge  of  the  18^  inch 
plate  to  have  been  increased  in  any  other  proportion  which  can  be 
expressed  in  small  numbers"!'. 

339]  I  think  we  may  conclude  therefore  that  the  charge  of 
the  121  inch  globe  was  increased  by  the  attraction  of  the  under- 
charged ground  nearly  in  the  proportion  of  9  to  8,  for  I  think 
there  can  be  little  doubt  but  that  the  charge  of  the  globe  must  be 
increased  thereby  in  nearly  the  same  ratio  as  that  of  the  18^  inch 
plate,  and  therefore  we  may  conclude  that  the  charge  of  the  plate 
jD  is  to  the  charge  which  the  121  inch  globe  would  receive,  if  it 
was  placed  at  a  great  distance  from  any  over  or  under-charged 
matter,  nearly  in  the  proportion  of  26*3  to  121,  or,  in  other  words, 
the  charge  of  the  plate  D  is  26*3,  which  is  rather  more  than  eight 
times  greater  than  it  ought  to  be  if  the  electric  fluid  did  not  pene- 
trate into  the  glass.  I  shall  speak  further  as  to  the  cause  of  this 
in  [Art.  349]. 

340]  In  order  to  try  the  charge  of  what  iEpinus]:  calls  a  plate 
of  air,  I  took  two  flat  circular  plates  of  brass,  8  inches  in  diameter 

rt.  649.]         t  [Art  658,  and  NoU  24.]         X  [MiwL  Bed.  1766^  p.  U9.] 
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■  anii  i  thick,  and  placed  them  on  the  bars  JVn  and  Pp  of  the 
I  machine  {Fig.  20),  the  two  plates  being  placed  one  over  the  other, 
and  kept  at  a  proper  distance  from  each  other  by  three  small 
Bupporta  of  sealing-wax  placed  between  them,  the  aupporta  being 
all  of  the  same  height,  ho  that  the  plates  were  exactly  parallel  to 
each  other.  Care  was  also  taken  to  place  the  plates  perpendicu- 
larly over  each  other,  or  so  that  the  line  joining  their  centers  should 
be  perpendicular  to  their  planes. 

The  lowermost  plate  communicated  with  the  ground  by  the 
wire  as,  and  the  uppermost  coninaunicated  with  Mm  by  the  wire 
F,  just  as  was  done  in  trying  the  Leyden  vials, 

I  then  found  its  charge,  or  the  quantity  of  redundant  fluid  in 
the  uppermost  plate,  in  the  uaual  manner,  by  comparing  it  with 
the  plate  D,  and  found  it  to  be  to  that  ot  B  as*... 

3+1]  As  I  was  desirous  of  trying  larger  plates  than  these,  and 
was  unwilling  to  be  at  the  trouble  of  getting  brass  plates  made,  I 
took  two  pieces  of  plate-glass"t"  11 J  inches  square,  and  coated  each 
of  them  on  one  side  with  a  circular  plate  of  tinfoil  ll'o  inches  in 
diameter,  and  placed  them  on  the  machine  as  I  did  the  brass 
plates  in  the  former  experiment,  with  the  tinfoil  coatings  turned 
towards  each  other,  and  kept  at  the  proper  distance  by  aupporta  of 
sealing-wax  as  before,  care  being  taken  that  the  tinfoil  coatings 
should  he  perpendicularly  over  each  other. 

For  the  more  easy  making  a.  communication  between  the 
circular  coating  of  the  lower  plate  and  the  ground,  and  between 
that  of  the  upper  plate  and  the  wire  Mm,  I  stuck  a  piece  of  tinfoil 
on  the  back  of  each  plate,  communicating  by  a  narrow  slip  of  the 
same  metal  with  the  circular  coatings  on  the  other  side. 

I  then  tried  the  charge  as  before,  the  lower  plate  communi- 
cating with  the  ground  and  the  upper  with  the  wire  Mm. 

As  glass  does  not  conduct  electricity,  it  la  plain  that  the 
quantity  of  electric  fluid  in  the  pieces  of  tinfoil  will  be  just  the 
same  that  it  woidd  be  if  the  glass  was  taken  away,  and  tho  pieces 
of  tinfoil  kept  at  the  same  distance  as  before. 

*  Tfaa  m^moranila  I  took  of  that  ezperimpnt  ore  lost,  but  to  the  best  of  m; 
r«mmibratie«  the  Tusalt  agreed  rerj  well  with  the  loUowine  eiperimeul. 
t  [Art.  517-] 
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The  distance  of  the  two  circular  coatings  of  tinfoil  was  measured 
by  the  same  instrument  with  which  I  measured  the  thickness  of 
the  plates  of  glass,  and  may  be  depended  on  to  the  1000th  or  at 
least  to  the  500th  part  of  an  inch  *. 

342]  In  this  manner  I  made  the  experiment  with  the  plates 
at  four  different  distances,  namely  '910,  •4f20,  '288  and  *256,  and 
when  I  had  made  a  sufficient  number  of  trials  with  the  plates  at 
each  distance,  I  took  off  these  circular  coatings  and  put  on  smaller, 
namely  of  6*35  inches  diameter,  and  tried  the  experiment  as  be- 
fore with  the  plates  at  '259  inches  distance.  The  result  of  the 
experiments  is  given  in  the  following  table: 

343t] 


No.  of 
Experi- 
ment 


1 
2 
8 

4 
6 


DisUnoe 
of  the 
tinfoU 

ooAtingi. 


•910 
-420 
•288 
•256 
•259 


Biameier  of 

the  ooatinn 

corrected  for 

the  spreMliDg 

of  electricity. 


11-6 


635 


Computed 
charge. 

Obsenred 
chaiige. 

Obeenred 

charge  by 

computed 

charge. 

Diameter 
of  coating! 
Iqr  distance 

ofdiUo. 

18  2 

27 

1-49 

12-6 

39 -4 

52 

1-32 

27-4 

67-4 

72  1 

1-26 

40 

64-6 

78-3 

1-21 

45 

19-6 

26*5 

1*36 

24*5 

It  is  plain  that  some  allowance  ought  to  be  made  in  these 
trials  for  the  spreading  of  the  electricity  on  the  surface  of  the 
glass.  In  the  above  table  I  Have  supposed  it  to  spread  '05  of  an 
inch,  but  the  effect  is  so  small  that  it  is  of  very  little  signification 
whether  that  allowance  is  made  or  not 

344]  In  my  former  paper  [Art.  134]  I  expressed  a  doubt 
whether  the  air  contained  between  the  two  plates  in  this  experi- 
ment is  overcharged  on  one  side  and  undercharged  on* the  other, 
as  is  the  case  with  the  plate  of  glass  in  the  Leyden  vial,  or  whether 
the  redundant  and  deficient  fiuid  is  lodged  only  in  the  plates,  and 
that  the  air  between  them  serves  only  to  prevent  the  electricity 
from  running  from  one  plate  to  the  other,  but  the  following 
experiment  shows  that  the  latter  opinion  is  true. 

I  placed  the  two  brass  plates  on  the  machine  (Fig.  20),  and 
tried  their  charge  as  before,  except  that,  after  having  charged  the 
platesj,  I  immediately  lifted  up  the  upper  plate  by  a  silk  string  so 
as  to  separate  it  two  or  three  inches  from  the  lower  one,  and  let  it 

*  [See  Art  459,  "Bird's  inBtroment,"  and  "dividing  machine,"  Art  617.    Also 
594,  595.] 

t  [See  Arts.  669,  519.]  t  [Arts.  511,  516,  Deo.  18,  26,  1773.] 
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down  again  in  its  place  before  I  found  its  chaise  by  making  the 
coRiDiimi cation  between  Bh  and  Dd  and  between  Aa  and  Ee. 

The  way  I  did  this  waa  that  as  soon  as  I  had  let  down  the  wire 
Co  on  Aa.  and  Bh,  and  thereby  charged  the  plates,  I  lifted  it  up 
Bgaiu  half  way  so  as  to  take  away  the  communication  between  Co 
and  the  upper  plate  &c.,  but  did  not  lift  it  quite  up,  so  as  to  make 
the  communication  between  Bh  and  Dd,  and  between  Aa  and  Ee, 
till  after  I  had  separated  the  upper  plate  from  the  lower,  and  put 
it  bock  in  its  place. 

I  could  not  perceive  any  eeosible  difierence  in  the  chaise, 
whether  I  lifted  op  the  upper  plate  in  the  above-mentioned  man- 
■     ner,  or  whether  I  tried  its  cliaige  without  lifting  it  up. 

3+5]  It  is  plain  that  in  lifting  up  the  upper  plate  from  the 
lower  and  letting  it  down  again,  the  greatest  part  of  the  air  con- 
tained between  the  two  plates  must  be  dissipated  and  mixed  with 
the  other  air  of  the  room,  ao  that  if  the  air  contained  between  the 
two  plates  was  overcharged  on  one  side  and  uudercLarged  on  the 
other,  the  charge  must  have  been  very  much  diminiahed  by  lifting 
up  the  upper  plate  and  letting  it  down  again,  whereas,  as  I  said 
before,  it  was  not  sensibly  diminished. 

I  think  we  may  conclude,  therefore,  that  redundant  and  defici- 
ent fluid  is  lodged  only  in  the  plates,  and  that  the  air  between 
them  serves  only  to  prevent  the  electricity  from  running  from  one 
plate  to  the  other. 

3*6]     As  this  ia  the  case,  the  charge  of  these  plates  ought, 

according  to  the  theory,  to  be  equal  to  that  of  a  globe  whose 

diameter  equals  the  square  of  the  radius  of  the  plate  or  circular 

coating  divided  by  twice  their  distance,  that  is,  to  their  computed 

duuge,  provided  the  electricity  is  spread  uniformly  on  the  surface 

of  the  plates,  aud  therefore  in  reality  the  numbers  in  the  last 

column  but  one  ought  to  be  rather  greater  than  in  the  last  but 

two,  aud  moreover  the  less  the  distance  of  the  plates  is  in  pro- 

.    portion   to  the  diameter  of  the  coating,  the  leas  should  he  tlie 

karoportion  in  which  those  numbers  differed,  and  if  the  distance 

Bw  infinitely  small  Ln  proportion  to  the  diameter,  the  proportion  in 

which  those  numbers  differ,  should  also  be  infinitely  small. 

347]  This  will  appear  by  inspecting  the  table  to  be  the  case, 
only  it  seems  from  the  manner  in  which  the  numbers  decrease, 
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zhikz  mfj"  ▼'ruTii  itfrwr  secciae  e^'al  to  unitT  though  the  distance 
oc  ia<f  7ia:;<!$  v-j^  f  7<fr  jc  szuC  iz  r^^^^iwct  of  their  diameter,  and  I 
$b:«iji  tixink.  ':r  ri^itir  I  ruiic^*?*  wvxilJ  never  be  less  than  I'l,  so 
ihsiZ  h  s&fm:^  Jtf  r'  ~Il«5  vrsikrze  :£  a  pcate  of  air  was  rather  greater 
bi  pr:ccr6:a  x*  'iis  :c  li**  p.-"^*?  zboji  ii  ooght  to  be,  and  I  be- 
lie^ni  aeiHr  ia  ^»f  jr:c«:rri':DL  :£  11  zo  10*. 

$16'  T!re  resksca  :c  ^c^k  I  inugine*  is  as  follows.  It  seems 
KaficiLAci»i  40  .t:ccl'i!ii«f  rr.ai  ^ae  i^-^y  that  when  a  globe  or  any 
och.<r  <cup^c  b«:cj  i  v?jjia«fCT:«Hi  bj  a  wire  to  a  charged  Leyden 
T^  ;fczii  :i3«^r£CT  elftfccrlzhnL  zh^  ^-lukadrv  of  redundant  fluid  in 
tii^i  £ioc%j  wJI  >:ar  A  jt*s»  pr:ccrd*-^  to  that  on  the  positive 
«c«  oc  li^  ja^  :3iJLi  ;*:  wjciLi  do  rf  tfcej  could  be  connected  by 
a  cuLal  oc  iao-cijr^ssirLe  £i:«i'*'.  b<it  in  all  probability  when  a 
pla:;^  oc  air  i  vvaatf^rt^d  iia  like  TTT.-imer  to  the  Leyden  vial,  the 
qoaaiaT  o£  rec~iTi^iafc2L:  i-*ii  on  i^  pi>?£tive  side  will  bear  nearly 
tbe  ;;&£:>?  pr:ccr;i':cL  to  mu  li  !ite  viil  that  it  would  do  if  they 
w«v  cvan^*c«fc  bv  a  v»3iikL  :t  iz5.vctii>ress£ble  fluid,  and  conse- 
qu^atly  :rie  oCArp?  oc  :he  piize  of  air  in  th^se  experiments  ought 
to  btfuur  A  irvAZtr  prjpcrticc  v  :La5  of  the  globe  than  if  they  had 
Kf«a  ox:ctt<cc^»d  to  ^be  v^jl.  by  wticii  they  were  electrified  by 
cacaIs  of  iiivvcipnr^bwf  d  iivL 

;M^c^"  I-  w%>  5Aii  :a  Art.  SS>  :feAt  the  charges  of  the  glass 
fla:^  wzTV  richer  r:::cv  :'?;Lr.  :::i:?.:  ^irii-r^  greater  than  they  ought 
to  be  by  :h^'  ri^or--.  i.:  rh-c^  -.Uvcrv:  fuii  i:i  not  penetrate  to  any 
seckbl-t  v.v:l*:c:  ::::o  :be  c^^sk  Tioc^c.  ^cis  is  what  I  did  not 
expect  bi;r-;K  I  iuA.:e  :clo  ^\\w>:r>j:j:-::i:.  vec  it  will  a^rree  verv  well 
w::c:  ;h-e  rL-.vrv  i:  w^>  <uvi>:!?t'  :Iia:  :h^:  c It: ctrioi: v.  instead  of  enter- 
ia^  :a:o  ^iie  ^Ljkss  :o  au.  c.\:rvLv.-;Lv  szllaL:  d^r^ch.  as  I  thought  most 
likrly  wb.-^!i  1  wr::sr  :Ii-i  <<:\.vrji  par:  oc  :LLs  work  J.  is  in  reality 
aKe  'o  ^!i:tT  i'-iro  :h-e  ii'.aa*?  :o  :i'e  ..Urcli  oc  ^  of  the  whole  thick- 
nets?  *:>£  ihr^  ^Ltsssk  :r.A:  Lik  :o  suoc  a  i^-och  thjLt  :he  ${kice  into  which 
it  can  not  p^'SLt 'rate  :s  otilv  ^  of  :h'e  tbiokaoss  of  the  glass,  as  in 
that  case  it  is  ovidon:  zzaz  ^h^  oharc^  sho-ild  be  as  lereat  as  it 
would  be  if  the  th:okuos8S^  of  tho  c-as$  ^as  oc:v  X  of  it*  real  thick* 
iiessk  and  the  eUccrioi:y  was  uac*bU^  to  penerrate  into  it  at  alL 

SoO]     There  i;>  also  a  way  of  A0ccun:iag  for  it  without  snppos- 


♦  '■Art.  «?V.\1 


-f  X'ai^s  MMW  uktt^  tea  AniMiu;  CwiZL  5  [Axt.  194]. 
t  [BMim  10  Alt.  Ul] 
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ing  the  electricity  to  enter  to  any  sensible  depth  into  the  glass,  by 
supposing  that  the  electricity  at  a  certain  depth  within  the  glass 
is  moveable,  or  can  move  freely  from  one  side  of  the  glam  to  the 
other. 

Thus,  in  Fig.  25,  let  ABDE  be  a  section  of  the  glass  plate 
perpendicular  to  its  plaue,  suppose  that  the  electricity  from  with- 
Fig,  23. 


I 


out  can  penetrate  freely  into  the  glass  as  far  as  the  line  ah  or  ed 
but  not  further,  suppose  too  that  witbio  the  spaces  ab^s.  and  edhe 
the  electric  fluid  is  immoveable,  but  that  witliin  the  space  aySSe  it 
is  moveable,  or  is  able  to  move  freely  from  the  line  a^  to  £e.  Then 
will  the  chaige  of  the  plate  be  just  the  same  as  on  the  former 
aiippositioQ.  provided  the  distances  aa  and  ee  are  each  ■^  of  the 
thickness  of  the  plate  *. 

351]     But  I  think  the  most  probable  supposition  is  that  there 
are  a  great  number  of  spaces  within  the  thickness  of  the  glass  in 
which  the  fluid  is  alternately  moveable  and  immoveable. 
Fig.  26. 


Thus  let  ABDE  (Fig.  26)  represent  a  section  of  the  plate  of 
glaas  as  before,  and  let  the  glass  be  divided  into  a  great  number  of 
spaces  by  the  parallel  lines  ab,  aff,  ed,  eS,  &e.,  and  suppose  that  in 
the  two  outermost  spaces  ABba  and  EDde  the  fluid  is  moveable, 
that  in  the  two  next  spaces  ab^i  and  etZSe  it  is  immoveable,  and 

•  The  only  Teaeon  why  I  suppoee  the  electric  fluid  to  be  bUb  to  enter  into  the 
glaaa  lioto  wilbont  as  far  aa  the  lines  ah  and  ed  a  that  Dr  FrauMin  hoE  Bhewn  thai 
tliB  charge  reddoa  ohieBy  in  the  plate  of  glass  and  not  in  the  eoatine.  and  oonoe- 
qnently  that  the  eleotricitj  is  able  to  penetrate  into  tlie  glaaa  to  a  certain  depth. 
Olherwiae  it  would  bavs  done  as  well  it  we  had  HQppoued  the  fluid  to  be  imntovenbls 
in  the  whole  ipacee  ABpa  uid  EDi<,  and  that  the  distance  Aa  and  Ei  are  each  ^, 
otAE. 
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that  in  the  two  next  spaces  it  is  moveable,  and  so  on.  The  charge 
will  be  the  same  as  before,  supposing  the  sum  of  the  thickness  of 
the  spaces  in  which  the  electricity  is  immoveable  to  be  J  of  the 
whole  thickness  of  the  glass,  as  it  is  shewn  that  the  charge  of  such 
a  plate  will  b3  the  same  as  that  of  a  plate  in  which  the  electricity 
is  entirely  immoveable,  whose  thickness  is  equal  to  the  sum  of  the 
thicknesses  of  those  spaces  in  which  we  supposed  the  fluid  im- 
moveable*. 

352]  It  must  be  observed  that  in  those  spaces  in  which  we 
supposed  the  fluid  to  be  moveable,  as  in  the  space  ABba  for  ex- 
ample, though  the  fluid  is  able  to  move  freely  from  the  plane  Ab 
to  a6,  that  is,  though  it  moves  freely  in  the  direction  Aa  or  aAy 
or  in  a  direction  perpendicular  to  the  plane  of  the  plate,  yet 
it  must  not  [be]  able  to  move  lengthways,  or  from  A  io  B^  for 
if  it  could,  and  one  end  of  the  plate  AE  was  electrified,  some 
fluid  would  instantly  flow  from  AE  to  BD,  and  make  that  end 
overcharged,  which  is  well  known  not  to  be  the  case.  The  same 
thing  must  be  observed  also  with  regard  to  the  two  former  ways 
of  explaining  this  phenomenon. 

353]  The  chief  reason  which  induces  me  to  prefer  the  latter 
way  of  accounting  for  it  is  that  in  the  two  former  ways  the  thick- 
ness of  the  spaces  in  which  the  fluid  is  moveable  must  necessarily 
be  vei-y  considerable.  In  thick  glass,  for  example,  in  a  plate  of 
the  same  thickness  as  i>,  it  must  be  not  less  than  -^  of  an  inch 
in  the  first  way  of  explaining  it,  and  in  the  second  way  it  must 
be  still  greater.  Now  if  the  electric  fluid  is  able  to  move  through 
so  great  a  space  in  the  direction  AE,  it  seems  extraordinary  that 
it  should  not  be  able  to  move  in  the  direction  AB,  whereas  in 
the  latter  way  of  accounting  for  it  the  thickness  of  the  spaces  in 
which  the  electricity  is  moveable  may  be  supposed  infinitely  small, 
and  consequently  the  distance  through  which  the  electricity 
moves  in  the  direction  AE  also  infinitely  small. 

354]  Another  thing  which  inclines  me  to  this  way  of  ac- 
counting for  it  is  that  there  seems  some  analogy  between  this  and 
the  power  by  which  a  particle  of  light  is  alternately  attracted  and 
repelled  many  times  in  its  approach  towards  the  surface  of  any 
refracting  or  reflecting  medium.    See  Mr  Michell's  explanation 

*  [Prop.  xxzv.  Art.  169,  and  Note  15] 


\ 
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of  the  fits  of  easy  reflection  anJ  transmisaion  la  Priestley's  Option, 
page  30y. 

355]  To  whicljever  of  tbeae  causes  it  ia  owiug  that  t!ie  charges 
of  these  plates  are  so  much  greater  than  they  should  be  if  the 
electric  fluid  was  unable  to  enter  into  the  plate,  it  was  reason- 
able to  expect  that  the  greater  the  force  with  which  the  plate  was 
electrified,  the  greater  should  be  the  depth  to  which  the  electric 
fluiil  penetrates  into  the  glass,  or  the  greater  should  be  the  thick- 
ness of  the  spaces  in  which  we  supposed  the  fluid  to  be  moveable, 
and  consequently  in  comparing  the  charge  of  the  plate  D  with  the 
circle  of  o6  inches  diameter,  or  with  auy  other  body,  the  greater 
the  force  with  which  they  are  electrified  the  greater  proportion 
should  the  charge  of  the  glass  plate  bear  to  that  of  the  circle. 

356]  I  therefore  compared  the  charge  of  the  plate  D  with 
that  of  the  circle  of  36  inches  with  electricity  of  two  different 
d<^[rees  of  strength,  namely  tlie  same  which  I  made  use  of  in 
[Art.  329],  in  trying  whether  the  distance  to  which  the  electricity 
Bpread  on  the  suiface  of  glass  was  different  according  to  the 
strength  of  the  electricity. 

The  way  in  which  I  compared  their  charges  was  just  the  same 
that  I  made  use  of  in  comparing  the  rosin  plate  with  the  tin 
circles  in  [Art,  337].  The  event  was  that  I  could  not  perceive 
that  the  proportion  which  their  charges  bore  to  each  other  with 
the  stronger  degree  of  electricity  was  sensibly  different  from  what 
they  did  with  the  weaker*. 

357]  But  it  must  be  remembered  that  It  seemed  from  the 
eiperiment  related  in  [Art.  329],  that  the  electricity  spread  ^  of 
an  inch  further  on  the  surface  of  the  glass  with  the  stronger 
degree  of  electricity  than  with  the  weaker.  The  difference  of 
charge  owing  to  this  difference  in  the  spreading  of  tlie  electricity 
is  -j^  part  of  the  whole,  so  that  it  seems  that  if  the  electricity  had 
been  prevented  from  spreading  on  the  surface  of  the  glass,  the 
proportion  of  the  charge  of  the  glass  plate  to  that  of  the  tin 
circle  would  have  been  less  with  the  stronger  degree  of  electricity 
than  with  the  weaker,  and  that  nearly  in  the  proport.ion  of  16 
to  17. 

•  [fn-if.  G47,  esi,  SeS,  ftlM  Arts.  451,  iOS,  530,  535,  638,  6M.J 
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358]  I  also  made  an  experiment  to  determine  whether  the 
charge  of  a  coated  plate  of  glass  bore  the  same  proportion  to  that 
of  another  body  when  the  electricity  was  very  weak  as  when  it 
was  of  the  usual  strength*. 

For  this  purpose  I  first  found  what  proportion  the  charge  of 
a  tin  cylinder  15  feet  long  and  17  inches  in  circumference  bore 
to  that  of  the  two  plates  D  and  E  together  when  the  electricity 
was  very  weak.    This  I  did  in  the  manner  represented  in  Fig.  27, 

Kg.  27. 


where  AB  \b  the  tin  cylinder  supported  horizontally  by  non-con- 
ductors. DC  is  a  brass  wire  37  inches  long  and  about  J  inch 
in  diameter  supported  also  horizontally  by  non-conductors,  the 
end  C  being  in  contact  with  the  cylinder,  and  a  pair  of  fine  pith 
balls  being  suspended  from  the  other  end  D.  FE  is  a  piece  of 
wire  commimicating  with  the  prime  conductor,  and  between  it 
and  DO  is  suspended  by  a  silk  string  the  wire  IK  in  a  vertical 
situation. 

359]  The  cylinder  AB,  and  consequently  the  wire  DC,  were 
first  electrified  negatively  to  such  a  degree  as  to  make  the  pith 
balls  separate  to  the  distance  of  one  diameter  of  the  balls.  The 
prime  conductor  and  wire  FE  being  then  charged  to  the  usual 
degree,  as  shewn  by  the  usual  electrometer  hung  down  from  it, 
one  end  of  the  wire  W  was  brought  in  contact  with  .^  so  as 
to  be  electrified  by  it,  and  was  then  immediately  removed  and 

♦  [Arts.  639,  666.] 
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Itrought  in  contact  with  DC  so  as  to  communicate  its  electricity 
to  the  cylinder*. 

Now  I  found  that  if  ttie  wire  W  was  29  inches  long,  and  J  in 
diameter,  and  its  electricity  was  twice  comratinicated  in  this 
nianiicr  to  the  cylinder,  the  ptlh  balls  would  separate  as  much 
positively  as  they  before  did  negatively,  consequently  the  cylin- 
der AB  and  the  wires  DC  and  W  together,  when  electri6ed  to 
such  a  degree  as  to  make  the  pith  balls  separate  one  diameter, 
contain  as  much  electricity  as  the  wire  IT  alone  does  when  elec- 
trified in  the  usual  degree. 

The  cylinder  AB  was  then  removed,  and  the  two  glass  plates 
D  and  E  placed  under  the  wue  DO  in  its  room,  their  upper 
coatings  communicating  with  DC,  and  their  lower  coatings  with 
the  ground,  and  the  operation  performed  as  before.  I  found  that 
I  was  obliged  to  change  the  wire  W  for  one  of  the  same  thickness, 
and  only  22  inches  long,  in  order  that  the  pith  balls  should  sepa- 
rate the  same  as  before. 

360]  Therefore  the  charge  of  the  two  plates  D  and  E  and  the 
wire  DC  together  is  to  that  of  the  tin  cylinder  and  wire  DC 
together  aa  the  charge  of  a  wire  J  iach  thick  and  22  inches  long 
to  that  of  a  wire  of  the  same  thickness  and  29  inches  long,  that  is, 
as  1  to  r2(i,  and  consequently,  as  the  charge  of  the  wire  DC 
is  but  small  in  comparison  of  that  of  the  two  plates,  the  charge 
of  the  two  plates  will  be  to  that  of  the  tin  cylinder  pretty 
nearly  in  the  same  proportion  of  1  to  1*2G"^. 

Having  thus  found  what  proportion  the  charges  of  the  plates 

I  and  cylinder  bear  to  each  other  when  electrified  in  a  very  weak 
d^ee,  I  tried  what  proportion  they  bore  with  the  usual  degree 
of  electrification, 
tral 


361]     To  this  pui-poae  I  placed  the  two  plates  on  the  machine 

llepresented   in  fig  20  between  M  and  in  in   the   usual  manner, 

id  on  the  other  side  I  placed  a  sliding  coated  plate,  and  found 

M  usual  what  size  must  be  given  to  the  coating  of  this  plate  that 


•  [8m  plan  al  Art.  E3B.] 

t  I  Mitre  tbe  tme  proportion  is  between  that  ol  1  to  1  28  and  that  of  1  to  137, 
hal  BB  lbs  nperiment  ia  not  capable  of  ranch  accnrac.T,  1  think  it  neeJlem  to 
(nmbla  the  reader  with  the  aompaUtioD.     [See  Art.  066  and  Note  26.] 
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tho  pt:h  l?alL?  sh^rald  josc  separate  positively,  and  what  size  must 
t*»  cl^rn  :o  i:  tLi:  thry  shooU  jast  separate  negatively. 

I  tihe^.  rrm^Tvii  the  tw»>  pbces  and  suspended  the  tin  cylinder 
so  a^  *o  •.:~:cL  the  wire  J[n%.  bat  without  touching  any  other  part 
oc  ti^e  CLAchine.  an-i  t .  and  what  size  it  was  necessary  to  give  to 
the  cc^:Lr^  oc  'ice  sli^iing  pLjkte  that  the  pith  balls  should  separate 
as  K::oce. 

By  :h:?  -^eans  the  charze  of  the  tin  cylinder  was  found  to 

K?  to  thjk;  vf  :h^  :'aro  pla:es  ^  ISS  to  1.    Therefore  the  charge 

of  t'cie  two  plitos  scxms  :o  bear  pretty  nearly  the  same  proportion 

to  tCAt  ot   the  cylind^jr  whether  the  electricity  is  of  the  usual 

strvr^iith  or  very  weak.     But  if  we  suppose  that  the  electricity 

sprea^i>  'OT  iv.che$  on  'tht\  sur&ce  of  glass  with  the  usual  degree 

of  olov'tr.ioaziou.  And  that  it  does  not  spread  sensibly  with  the 

weak   de-oree  of  electrincation.  then  the   proportion   which   the 

charge  of  the  glas5  plates  bears  to  that  of  the  cylinder  should  be 

Us$  with  the  usual  degree  of  el<ectiifioation  than  with  the  weak 

ouo,  and  that  by  aKnit  ^  part. 

This  ditforeuoe,  however,  is  not  more  than  what  might  very 
well  prweevl  firv^m  the  error  of  the  experiment, 

S62]  On  the  whole.  I  am  uncertain  whether  the  chaige  of 
a  srlass  plato  would  rvally  bear  a  rather  less  proportion  to  that 
of  a  iilobe  v>r  other  Kxiy  when  the  oleetrioity  is  strong  than  when 
it  is  weak,  pr>.»vivU\l  the  eUvtrioity  wiis  prevented  from  spreading 
on  the  <urt\uvs  ;w>  it  >hoi;lvi  5<vm  by  these  experiments,  or  whether 
it  w;v<  no:  r\ther  owiv.i:  yv\r:ly  to  the  error  of  the  experiment,  and 
mn'v  to  there  u.^t  Iviiu  so  luuoh  difference  in  the  distance  to 
which  the  e\  otrioity  spreads  on  the  surt\iOo  of  the  ghiss  according 
to  tV.e  di:T\  rent  de^ir^v  in  whieh  it  is  eleetrifieil.  as  I  imagined. 

If  :he  r.n>:  of  tho>v>  suppositions  is  tnie,  I  do  not  know  how  to 
reoouoile  it  with  t:;e  tV.eory.  exoep:  by  supj>.^>ing  that  the  greater 
the  forvv  with  whioh  tl;e  plate  is  eieotritied  the  less  is  the  depth 
to  whioh  t'io  eUvirioity  ivuetrates  into  the  ghiss,  or  the  less  is  the 
thickness  of  the  sjkuvs  in  whioh  we  supposed  the  fluid  to  be 
moveable. 

Thouirh  it  seemed  natural  to  exixHrt  that  the  electric  fluid 
should  penetrate  further  into  the  gUss,  or  that  the  fluid  within  the 
glass  should  move  through  a  greater  space  when  the  glass  was 
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strongly  electrifietl  than  when  weakly,  that  is,  when  the  force  with 
which  the  fluid  was  impelled  was  great  than  when  it  was  small, 
yet  it  is  not  strange  that  it  should  be  otherwise,  as  it  is  very 
possible  tliat  the  electric  fluid  may  penetrate  with  great  freedom 
to  a  certain  depth  within  the  glass,  and  that  no  ordinary  force 
shall  be  able  to  impel  it  sensibly  further,  and  in  like  manner  it  is 
very  posuble  that  the  fluid  may  be  able  to  move  with  perfect  ease 
in  the  space  ae  (Fig.  27)  and  yet  that  no  ordinary  force  shall  be 
able  to  move  the  fluid  at  all  beyond  tliat  space. 

But  it  would  he  very  strange  that  the  fluid  should  penetrate 
to  a  less  depth  within  the  glass,  or  that  the  fluid  within  the  glass 
should  move  through  a  leaa  space  when  the  glass  is  strongly  elec- 
trified than  when  weakly. 

363]  The  reader  perhaps  may  he  tempted  from  this  circum- 
stance to  think  that  the  reason  of  the  actual  charge  of  the  glass 
plates  so  much  exceeding  their  computed  charge  is  not  owing  to 
the  electric  fluid  penetrating  into  the  glass,  or  to  any  motion  of 
the  fluid  within  the  glass,  but  to  some  error  in  the  theory.  But 
I  think  the  experiments  on  the  plate  of  air  [Art.  344]  form  a 
strong  argument  in  favour  of  its  being  owing  to  the  penetration  of 
the  electric  fluid  into,  or  its  motion  within  the  glass,  for  it  appears 
plainly  from  these  experiments  that  the  electric  fluid  does  not 
penetrate  into  the  air,  and  on  account  of  the  fluidity  of  the  air  it 
seems  very  improbable  that  the  electric  fluid  within  the  air  should 
be  able  to  move  in  the  manner  we  siipjwsed  it  to  do  within  the 
glass;  whereas  it  appears  plainly  from  Dr  Franklin's  analysis  of  the 
Leyden  vial,  that  the  electric  fluid  does  actually  penetrate  into  the 
glaaa. 

Therefore  as  this  excess  of  the  observed  charge  abov»tbe  com- 
puted does  not  take  place  in  the  plate  of  air,  where  it  could  not 
do  it  consistently  with  the  theory,  but  does  in  the  glass  plate, 
■where  it  may  do  so  consistently  with  the  theory,  I  think  there 
seems  great  reason  to  think  that  it  is  not  owing  to  any  defect  in 
tbo  theory,  but  to  some  such  motion  of  the  electricity  as  we  have 
supposed. 

364]  I  could  not  find  that  there  was  any  difl'erence  in  the 
proportion  which  tbe  charge  of  a  glass  plate  bore  to  that  of 
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mnoiher  body  wiiedio'  thej  weie  electrified  positiyely  or  nega- 
tirelT*. 

365]  It  was  said  in  Ait.  [331].  that  there  seemed  no  reason 
to  think  that  the  charge  of  the  plate  D,  or  of  any  other  of  those 
glass  plates  was  senablj  greater  than  it  would  be  if  the  electricity 
was  spread  nnifcvmly  on  their  sur&ces,  whereas  the  charge  of 
most  of  the  plates  of  air  was  found  very  considerably  greater  than 
it  would  be  on  that  suf^position.  But  this  is  by  no  means  incon- 
sistent, for  according  to  the  first  way  of  accounting  for  the  great 
excess  of  the  real  charge  of  those  plates  above  the  computed, 
namely  supposing  that  the  electricity  penetrates  into  the  glass  to 
the  depth  of  ^  of  its  thickness^  the  increase  of  its  charge  on 
account  of  the  electricity  being  not  spread  uniformly,  should  be 
not  greater  than  it  would  be  if  the  glass  was  only  ^  of  its  real 
thickness^  and  the  electricity  was  unable  to  penetrate  into  it  at  all, 
and  therefore  should  not  be  greater  than  it  is  in  a  plate  of  air  in 
which  the  thickness  is  ^  of  the  diameter,  and  should  therefore  in 
all  probability  be  quite  imperceptible. 

And  by  Prop,  xxxvi.  [Art.  170],  the  increase  of  charge  should 
hardly  be  much,  if  at  all,  greater  according  to  the  second  or  third 
way  of  accounting  for  this  phenomenon. 

366]  In  order  to  tryf*  whether  the  charge  of  coated  glass  is 
the  same  when  hot  as  when  cold,  I  made  use  of  the  apparatus  in 
Fig,  28,  where  ABCha  represents  a  short  thermometer  tube  with  a 
ball  BCb  blown  at  the  end  and  another  smaller  ball  near  the  top. 
This  is  filled  ^dth  mercury  as  high  as  the  bottom  of  the  upper  ball, 
and  placed  in  an  iron  vessel  FGJIX  filled  with  mercury  as  high  as 
FN.  Consequently  the  ball  BCb  was  coated  as  a  Leyden  vial,  the 
mercury  within  it  forming  the  inside  coating,  and  that  in  the 
vessel  FGMN  the  outer  one. 

In  trying  it,  I  set  the  vessel  FGMN  on  the  wooden  bars  of  the 
machine  represented  in  Fig.  20,  near  the  end  JVP,  and  dipt  a  small 
iron  wire  bound  round  the  wire  Mm  into  the  mercury  within  the 
tube,  80  as  to  make  a  communication  between  the  wire  Mm,  and 
the  inside  coating,  the  outside  coating,  or  the  mercury  in  FOMX, 
being  made  to  communicate  with  the  ground. 

•  [Art.  463.] 

t  [Art.  556,  ^farch  21,  1773.    See  idBO  Arts.  548,  549,  680.] 
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It  was  heated  by  a  lamp  placed  under  FGMN,  and  ita  charge 
was  frequently  tried  while  heating  by  comparing  with  a  sliding 
coated  plate  placed  on  the  other  end  of  the  wooden  bars. 

When  it  waa  aufficiently  heated,  the  lamp  was  taken  away, 
and  the  charge  frequently  tried  in  the  same  manner  while  cooling, 
a  thermometer  being  dipt  every  now  and  then  into  the  mercury  in 
FGMN  to  find  \i%  heat. 

3G7]  As  it  waa  apprehended  that  the  electricity  might  spread 
i  fiirther  on  the  surface  of  the  glass  while  hot  than  while  cold,  a 
I  paper  coating  DBbd  was  fastened  on  the  tube,  so  that  aa  the  out- 
side coating  was  matle  to  extend  aa  far  as  Dd,  that  is  three  or  four 
inches  above  the  mercury  in  FGMN,  where  the  tube  waa  very 
little  heated,  and  as  the  inside  coating  reached  still  higher,  that  is 
to  the  bottom  of  the  upper  ball,  no  sensible  error  could  proceed 
from  then 00. 

The  use  of  the  upper  ball  was  to  prevent  the  mercury  within 
the  tube  from  overflowing  when  hot, 

368]  By  a  mean  between  tlie  experimenta  made  while  the 
ball  waa  heating  and  while  cooling,  its  charge  answering  to  the 
different  degrees  of  heat  was  as  follows. 


Btit, 

CbBKi 

DiffuaDM 
»rii«t. 

IHffErailea 

66 
167 
£33 
295 
305 

101 
116 
IHO 

lit 

loa 

63 
73 
10 

1 
12 

30 
S 

I  369]  At  295'  the  electricity  passed  through  the  gla.'sa  pretty 
freely,  but  at  305*  much  faster.  It  appears,  therefore,  that  the 
charge  of  glass  is  considerably  greater  when  lieatod  to  such  a 
degree  as  to  suffer  the  electricity  to  pass  through  than  when  cold, 
but  that  ite  charge  does  not  begin  to  be  sensibly  increased  till  it 

_.is  heated  to  a  considerable  degree*. 

i         370]     On  the  charges   of  plates   of  several   differmt  sorts  of 
glass,  and  also  of  plates  of  some  other  substances  which  do   not 
conduct  electriciti/,  charged  tn  the  manner  of  Leaden  vials. 
'  [Not«  20,] 
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The  result  of  the  experiments  I  made  on  this  subject  is  con- 
tained in  the  two  following  tables: — 

Table  of  Glass  Plates*. 


Obterml 

r 

rhick- 
neaa. 

DiJir 
metar. 

Ditto 
cor- 
rected. 

Com- 
puted 
ciutfge. 

ObMTFed 
chAige. 

charge 
bj  com- 
puted 
ouuge. 

Spedflc 
gravity. 

FUnt  glass  ground  flat      ' 

2116 

2-23 

2-37 

3-32 

26-3 

7-93 

3-279 

Ditto  a  thinner  piece 

104 

2-216 

2-386 

6-84 

52-3 

7-65 

3-284 

Plate  glass           P 

127 

2-85 

3-02 

8-98 

71-9 

8-01 

2-752 

W 

172 

3-436 

3-586 

9-34 

74-8 

8-01 

2-787 

G 

1848 

3-675 

3-725 

9-38 

75-6 

8-06 

2-973 

N 

106 

212 

2-29 

618 

51-4 

831 

2-682 

0 

106 

2-505 

2-676 

8-44 

75 

8-89 

2-614 

Q 

076 

2-065 

2-245 

8-29 

76-6 

9-23 

2-504 

Crown  glass 

•0682 

3-495 

3-675 

24-76 

211-3 

8-54 

2-537 

Ditto  another  piece 

0659 

3-43 

3-61 

24-72 

208-7 

8-44 

2-532 

Crown  glass  ground 

07 

2-036 

2-216 

8-76 

76-6 

8-73 

1 2-535 

Part  of  same  piece 

0693 

3-54 

3-72 

24-96 

2151 

8-62 

Mean  of  the  10  pieces  use 

d  in  f  < 

armer  ex 

perimen 

ts 

8-22 

2-678 

371]     Plates  of  other  substances'!*. 


Com- 

^L .  .        -.J 

Obeenred 

ThlcknesB. 

Diameter. 

puted 
charge. 

Obeenred 
charge. 

charge  by 
computed. 

Gum  Lao 

•125 

4-23 

17-89 

80 

4-47 

(1 

•4845 

3-75 

3-63 

13-6 

3-72 

Mixture   of    rofrin 
and  bees  wax.    Plate 

2 
3 
4 

•192 
•103 
•103 

3-355 
4-247 
4-525 

7-22 
21-89 
24-85 

25-2 

69 

78-9 

3-49 
315 
3-18 

V6 

•103 

1-79 

8-89 

13 

3-34 

(1 

•303 

8-78 

6-90 

24-5 

4-16 

Dephlegmated  bees  wax.  Plate 

2 

•120 

3-525 

12-95 

461 

3-56 

3 

-063 

2-74 

14-90 

50-6 

3-39 

Plain  bees  wax 

•119 

3-475 

12-69 

51-3 

4-04 

372]     The  coatings  of  all  these  plates  were  circular. 

In  computing  the  charge  of  the  glass  plates,  the  diameter  of 
the  coating  was  corrected  on  account  of  the  spreading  of  the  elec- 
tricity as  in  the  fourth  column,  the  electricity  being  supposed  to 
spread  '07  of  an  inch  if  the  thickness  is  '21  and  '09  if  the  thickness 
is  08,  and  so  on  in  proportion  in  other  thicknesses.  But  no  cor- 
rection is  made  in  computing  the  charges  of  the  other  plates,  as  I 
was  uncertain  how  much  to  allow. 


♦  [See  Art.  673.] 


t  [See  Art.  674.] 
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37G] 

373]  The  method  I  used  in  n^di^  dl  Uw  pkte*  of  the 
6<econi)  table  was  tLk.  I  6m.  east. » lottui  plate  of  the  substaooe. 
three  or  four  times  as  thick  as  I  itit«iideil  it  dioqld  be,  uid  imther 
thiQDer  Dear  the  edges  thao  id  the  m'wMte,  tskiog  care  to  cast  it 
as  free  from  air  babbles  as  I  oould. 

I  theo  heated  it  between  two  thick  fiat  plates  of  brass,  till  it 
was  become  soft,  and  then  presed  it  oat  to  the  proper  thicknem 
by  Bqueezing  the  pUtes  together  with  screws*.  Id  onler  to  pre- 
veDt  its  stickmg  to  the  bra^  plates,  I  put  a  piece  of  thin  Unfoil 
between  it  and  each  plate,  and  I  found  the  tinfoil  did  not  stick 
to  it  so  fast  but  what  1  could  get  it  o£F  without  any  danger  of 
damaging  them. 

374]  The  heat  necessaij  to  melt  shell  lac  is  so  great  as  to 
make  it  froth  and  boil;  which  makes  it  impossible  to  cast  a  plate 
of  it  free  from  air  bubbles.  The  plate  mentioned  in  the  preceding 
table  was  as  free  from  them  as  I  could  make  it.  It  contained, 
however,  a  great  (juantity  of  minute  bubbles,  but  no  lar^  ones. 

375]  Bees  wax  melts  with  a  heat  of  about  145*.  If  it  is  then 
heated  to  a  degree  rather  greater  than  that  of  boiling  water,  it 
froths  very  much,  and  seems  to  lose  a  good  deal  of  watery  matt«r, 
and  if  it  is  kept  at  this  heat  till  it  has  ceaaed  frothing,  it  will  then 
bear  being  heated  to  a  much  higher  degree  without  frothing  or 
boiling.     Bees  wax  thus  prepared  I  call  dephlegmated. 

In  order  that  the  plates  of  dephlegmated  bees  wax  should  all 
be  equally  so,  I  dephlegmated  some  bees  wax  with  a  pretty  con- 
siderable heat,  and  suffered  it  to  cool  and  harden,  and  out  of  this 
lamp  I  made  all  three  plates,  taking  care  in  castiug  them  not  to 
heat  them  more  than  necessary. 

I  used  the  same  precautions  also  in  casting  tho  plates  of  a 
mixture  of  rosin  and  bees  was,  the  proportion  of  the  rosin  to  the 
bees  wax  was  forgot  to  be  set  down. 

What  are  called  in  the  table  the  4th  and  5th  plate  of  rosin  and 
bees  wax  are  in  reality  the  same  plate  as  the  3rd,  only  with  a 
smaller  coating. 

S76]     It  appears  from  these  experiments,  first,  that  thci 
I  very  sensible  diffeience  in  the  charge  of  plates  of  tho 
•  [Art.  511 
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dimeDsions  according  to  the  different  sort  of  glass  they  consist  of, 
the  charge  of  the  plates  0  and  Q,  which  consisted  of  the  greenish 
foreign  plate  glass  mentioned  in  [Art  301]  being  the  greatest  in 
proportion  to  their  computed  charge  of  any,  next  to  them  the 
crown  glass,  and  the  flint  glass  being  the  least  of  alL 

Secondly.  The  charge  of  the  Lac  plate  is  much  less  in  propor- 
tion to  its  computed  charge  than  that  of  any  glass  plate,  and  that 
of  a  plate  of  bees  wax,  or  of  the  mixture  of  rosin  and  bees  wax 
still  less. 

But  it  must  be  observed  that  there  is  a  very  considerable 
difference  between  the  three  different  plates  of  dephlegmated  bees 
wax  in  that  respect.  The  same  thing,  too,  obtains  in  the  mixture 
of  rosin  and  bees  wax*. 

377]  As  the  proportion  of  the  real  charge  to  the  computed  is 
greater  in  the  thick  plates  than  the  thin  ones,  one  might  be 
inclined-  to  think  that  this  was  owing  to  the  electricity  being  not 
spread  uniformly.  But  as  the  difference  seems  to  be  greater  than 
could  well  proceed  from  that  cause,  1  am  inclined  to  think  that  it 
must  have  been  partly  owing  to  some  difference  in  the  nature  of 
the  plates.  Perhaps  it  may  have  been  owing  to  some  of  the 
plates  having  been  less  heated,  and  consequently  having  suffered 
a  greater  degree  of  compression  in  pressing  out  than  the  others. 

37S]  The  piece  of  ground  crown  glass  mentioned  in  the  first 
of  the  foregoing  tables  was  made  out  of  a  piece  of  crown  glass 
about  ^"f  of  an  inch  thick,  and  ground  down  to  the  thickness  men- 
tioned in  the  table,  care  being  taken  by  the  workman  to  take 
away  as  much  from  one  side  as  the  other,  so  that  the  plate  con- 
sisted only  of  the  middle  part  of  the  glass. 

My  reason  for  making  it  was  that  as  there  appears  to  be  a 
considerable  difference  in  the  charge  of  different  sorts  of  glass,  it 
was  suspected  that  there  might  possibly  be  a  difference  between 
the  inside  of  the  piece  and  the  outside,  and  if  there  had,  it  would 
have  affected  the  justness  of  the  experiments  with  the  ten  pieces 
of  glass  ground  out  of  the  same  piece. 

But  by  comparing  the  charges  of  the  plates  of  crown  glass 
with  those  of  the  two  other  pieces  of  crown  glass  in  the  table, 

•  [Note  27.] 
There  are  pieoea  of  that  thiokneas  Bometimes  hlown  for  the  use  of  the 

Q8. 
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there  does  not  seem  to  be  auy  difference  which  can  he  dtipemled 
on  with  certainty. 

The  experiment  indeed  would  have  been  more  satisfactory  if 
the  piece  of  ground  glass  and  the  pieces  with  whicli  it  waa  com- 
pared had  been  all  made  out  of  the  same  pot.  But  aa  it  would 
have  heen  difficult  procuring  such  pieces,  and  as  I  have  found 
very  little  difference  in  the  specific  gravity  of  different  pieces  of 
crown  glass,  and  as  I  am  informed  it  is  all  made  at  the  same  glass 
house,  I  did  not  take  that  precaution. 

379]  Let  two  or  more  flat  plates  of  dilferent  non-conducting 
substances,  as  AnbB,  BhcO  and  CcdD,  (Fig. 
29)  be  placed  close  together  and  coated  in 
the  manner  of  a  single  plate  with  the  coat- 
ings Ee  and  Ff.  Let  the  charge  of  the  plate 
AabB,  supposing  it  placed  by  itself  and  coat- 
ed in  the  usual  manner,  be  equal  to  that  of  a 
plate  of  glass  whose  thickness  is  A  and  whose 
coatings  are  of  the  same  size  as  those  of 
AabB. 

In  like  manner  let  the  charge  of  BbcOhe 
equal  to  that  of  a  plate  of  the  same  glass 
whose  thickness  is  equal  to  B,  and  let  that 
of  CcdD  equal  that  of  one  whose  thickness 
isC. 

Then  whichever  of  the  three  ways  of  ac- 
counting for  the  excess  of  the  real  charge  of  glass  plates  above  the 
computed  we  prefer,  it  is  a  necessary  consequence  of  our  theory 
that  the  charge  of  this  compound  plate  AadD  should  be  equal  to 
that  of  a  single  plate  of  glass  whose  thickness  equals  A  -^  B-\-  G, 
ami  whose  coatings  are  of  the  same  size  as  Bk  and  Ff. 


A_B_C_B 


380]  In  like  manner  if  two  or  more  plates  of  the  same  kind 
of  glass  are  placed  together  and  coated  aa  above,  the  charge  of  this 
compound  plate  should  be  equal  to  that  of  a  single  plate  of  the 
same  gloss  whose  thickness  is  equal  to  that  of  all  the  plates  to- 
gether. This  appears  from  the  fallowing  experiments  to  be  the 
cose,  for 
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1st.  I  took  the  three  plates  of  glass  A,  B  and  C*  and  laid 
them  on  one  another,  having  first  tak^i  off  their  old  coatings  and 
coated  the  oatade  sar&ces  as  in  fig.  29  with  circles  of  tinfoil  6*6 
inches  in  diameter.  The  charge  of  this  compoond  plate  was  found 
to  be  to  that  of  the  three  plates  D,  E  and  F  together  as  -944  to  1. 
The  sum  of  the  thicknesges  of  A^  B  and  C  together  is  -6309,  and 
the  computed  charge  of  a  plate  of  that  thickness  with  coatings  6'G 
in.  diameter  is  to  that  q{  D,  E  and  F  together,  allowing  in  the 
same  manner  as  in  [Art.  S2S]  for  the  instantaneous  spreading  of 
the  electricity,  as  "94  to  one.  So  that  the  charge  (^  this  com- 
pound plate  is  exactly  the  same  that  it  ought  to  be  according  to 
the  foregoing  rule. 

3S1]  Sndly,  I  made  a  plate  of  a  mixture  of  roiBin  and  bees 
wax+,  about  8  inches  square  and  somewhat  more  than  *12  thick,  and 
coated  it  with  circles  6'61  in.  diameter.  Its  charge  was  found  to 
be  to  that  of  the  plates  K,  D  and  E  tc^ther  as  56  to  55,  and 
therefore  should  be  equal  to  that  <^  a  plate  of  glass  of  the  same 
kind  as  K  whose  thickness  is  *31o  and  the  diameter  of  whose  coat- 
ings is  the  same  as  those  of  the  rosin  plate,  namely  6*61  inches. 

This  plate  was  then  inclosed  between  the  glass  i^tes  B  and 
JjTtt  ^'^  coatings  being  first  taken  ofi^  and  the  outside  surfieu^es  of 
B  and  H  coated  with  circles  6^  inches  in  diameter.  Its  charge 
was  found  to  be  to  that  of  f'as  7*56  to  8. 

According  to  the  foregoing  rule,  its  charge  should  be  the  same 
as  that  of  a  plate  of  glass  of  the  same  kind  as  B  *634  of  an  inch 
thick  with  coatings  6*6  inches  in  diameter,  and  should  therefore 
be  to  that  oi  K  d^  7*34  to  8,  which  is  very  nearly  the  same  that  it 
was  actually  found  to  be. 

382]  On  the  charges  of  such  Leyden  vials  as  do  not  consist  of 
flat  plates  of  glass. 

These  experiments  were  made  with  hollow  cylindrical  pieces  of 
glass,  open  at  both  ends,  and  coated  both  within  and  without  with 
pieces  of  tinfoil  surrounding  the  cylinder  in  the  form  of  a  ring,  the 
breadth  of  the  ring  being  everywhere  the  same,  and  the  inside  and 
outside  coatings  being  of  the  same  breadth,  and  placed  exactly 
opposite  to  each  other.     Only  as  the  inside  diameter  of  the  two 

*  [ArU.  554,  514,  546,  677.]  f  [ArU.  548, 678.] 

X  [Arts.  552,  679.] 
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thermometer  tubes  was  too  sraall  to  admit  of  beinw  coated  in  this 
manoer,  they  were  filled  with  mercury  by  way  of  inside  coatiog. 

The  thickness  of  the  glass  was  found  by  suspending  the  cylin- 
der by  one  end  from  a  pair  of  scales  with  its  axis  in  a  vertical 
position,  aud  the  lower  part  immersed  in  a  vessel  of  water,  and 
finding  the  alteration  of  the  weight  of  the  cylinder  according  as  a 
greater  or  less  portion  of  it  was  under  water* 

383]     The  result  of  the  experiments  is  contained  in  the  fol- 
lowing table  f. 

1 

thidt. 

IliC 

c™- 

-asr' 

S" 

SpecWc 

aiuiietu 
by  Mck- 

FartofaiarofOmt) 

A  cylinder  of  ditto 
Xbermometei  Itilie  I, 

CjUndera  of  green  ji 
botUe  elasB         J3 

■03i 
■0704 
■Ml 

■lao 

■ni5 

■two 

■078 

■645 

■11 

■16 

■50 
■53 
-48 

4-4 
9-96 

11 

16-fi 
7-16 
8'55 
7 

86 -9 
87  ■! 
11-0 

77 '3 
7«-6 
10-8 

717 

650 
60  ■a 
80^7 

764 

UilO 

353 

8-35 
7'16 
7-31 
7^26 

9'77 

9 

8-6S 

3-2B4 

3281 
3-098 
S'213 

2006 
3061 
2-66S 

19-3 

9-a 

IB 
124 
113 

6-8 
6'3 

The  lengths  of  the  coating  here  set  down  ai'c  the  real  lengths. 
'     But  in  computing  the  charges  of  the  white  jar  and  cylinder  and 
1     the  three  green  cylinders,  these  lengtlis  were  increased  ou  account 
1     of  the  spreading  of  the  electricity  according  to  the  same  supposi- 
tion as  was  used  in  computing  the  charges  of  the  flat  plates. 

1           But  in  computing  the  charges  of  the  thermometer  tubes  ao 
correction  was  maile,  as  I  was  uncertain  how  much  to  allow,  but  as 
the  length  of  their  coatings  is  so  great,  this  can  hardly  make  any 
senaible  error. 

384]     It  should  seem  from  these  experiments  as  if  the  propor- 

1     tlon   of  the  real  to  the  computed  charge  was  rather  less  in  a 

1     cylinder  in  which  the  thickness  of  the  gliuis  is  ^  of  the  semidiame- 

ter  than  in  one  in  which  it  is  only  -f^,  and  most  likely  rather  leas 

in  that  than  in  a  flat  plate,  but  then  it  seems  to  he  not  much  less 

in  a  cylinder  in  which  the  inside  diameter  is  many  times  less  than 

•  [Art.  591.]                                  t  [See  Art.  076,  and  Note  36.] 

18S  ExmanDns  oif  cnuma>  fumBL  [385 

the  ootade^  that  is,  in  which  the  thidbiesB  of  the  glaas  is  almost 
equal  to  the  ootauie  semiiibzDeter,  than  rt  is  in  the  first  mentioned 
cjlinder. 

Xothiog  certain,  howerer.  can  he  infened  as  to  this  point,  as  in 
all  prv>babilit  J  the  ibar  pieces  of  £nt  glass  usied  in  these  experi- 
ments and  the  two  fiat  pieces  osed  in  [Art.  370]  did  not  consist 
exactly  of  the  same  kind  of  glaas,  as  indeed  J4>peais  from  their 
qKcific  gravities. 

385]  The  three  green  cylinders,  indeed,  were  all  made  at  the 
same  time  and  oat  of  the  same  pot,  so  that  it  seems  difficult  to 
rappose  that  there  shoold  he  any  difference  of  that  kind  between 
them*.    Bat  then  I  had  no  fiat  plates  to  compare  them  with. 

On  the  whole,  I  think  we  may  with  tolerable  certainty  infer 
that  the  ratio  of  the  real  to  the  computed  charge  is  not  very 
different  from  what  it  is  in  flat  {dates,  whatever  is  the  proportion 
which  the  thickness  of  the  glass  bears  to  the  diameter  of  the  (^lin- 
der,  though  it  seems  to  be  not  exactly  the  same. 

*  Tbou^  it  wemji  not  fikdj  tbal  there  shoold  be  aaj  diiferenee  in  the  natim 
of  the  gltie  oi  which  the  three  preen  crlinden  mmgeted,  jet  I  am  not  nne  that 
these  WM  not,  for  the  inside  oi  the  ^an,  that  is,  that  part  which  was  nearest  to  the 
inside  sorfaee,  was  manifestlj  mote  opaqne  and  of  a  different  colour  from  the 
outside,  and  the  separation  between  these  two  sorts  of  glass  appeared  well  defined, 
to  that  the  cylinder  seemed  to  consist  of  two  different  ooats  of  glass  lying  one  over 
the  other.  The  distinction  was  the  most  risiUe  in  those  e^dinders  which  consisted 
of  the  thickest  glass  and  in  the  thickest  part  of  those  cylinders.  The  specific 
grarities,  howerer,  do  not  indicate  any  difference  in  the  natnre  of  the  (^ass.  What 
was  the  reason  of  the  aboTe-mentkmed  appearance  I  cannot  telL 


WHETHER  THE  FORCE  WITH  WHICH  TWO  BODIES 
REPEL  IS  AS  THE  SQUARE  OF  THE  REDUNDANT 
FLUID,  TRIED  BY  STRAW  ELECTROMETERS'. 


386]  If  two  bodies,  A  and  B,  placed  near  to  each  other,  are 
both  conDected  to  the  same  overcharged  Leyden  jar,  and  the  force 
with  which  this  jar  is  electrified  is  varied,  everything  else  remain- 
ing unaltered,  the  force  with  which  A  anil  B  repel  each  other 
ought  by  the  theory  to  be  as  the  square  of  the  quantity  of  redund- 
ant fluid  in  the  jar,  supposing  the  distance  of  the  bodies  A  and  B 
to  remain  unaltered.  For  the  quantity  of  redundant  fluid  in  A  is 
directly  as  the  quantity  of  redundant  fluid  in  the  jar,  and  there- 
fore the  force  with  which  each  particle  of  redundant  fluid  in  B  is 
repelled  by  A  is  also  directly  as  the  quantity  of  redundant  fluid  in 
the  jar,  and  therefore  aa  the  number  of  particles  of  redundant  fluid 
ia  B  is  also  as  the  quantity  of  redundant  fluid  in  the  jar,  the  force 
with  which  B  is  repelled  by  ^  is  as  the  square  of  the  quantity  of 
redimdant  fl,uid  in  the  jar. 

387]  In  order  to  try  whether  this  was  the  case,  I  made  use  of 
the  following  apparatus  f. 

CD  (Fig.  31)  is  a  wooden  rod  43  inches  long,  covered  with 
tinfoil  and  supported  horizontally  by  non-conductors.     At  the  end 


'  [Title  siip})lieJ.  from  CavendiHhrH  Iiidei  to  his  GiperlioociCe,  Ait.  ,103.] 
+  [Arts.  SG3,  CGT,  alw)  Art.  536.] 


MEPCl^OiS  WITH  IHFFCSKST  DEGBKES  [388 

C  is  s;:5pez;>ed.  as  En  the  £gare.  the  ekctiometer  described  in 
An.  f  49.  &iji  &:  itte  cibrr  e&i  D  is  suspended  a  similar  electro- 
meier,  onlv  tbe  ?mws  reaciKd  \o  the  bonom  of  the  cork  balls  A 

m 

asfi  B,  hu\  dm  bevond  tLem.  azid  vere  left  open  so  as  to  put  in 
pieces  of  wire,  and  tberebj  incr^aaae  their  weight  and  the  force  with 
which  thev  eDieaToai>cd  to  clcee.  The  lower  ends  of  these  wires 
when  used  were  just  even  wiih  the  bottom  of  the  oork  balls,  aud 
were  kept  in  that  situati^«i  by  wax,  the  wax  being  cut  off  even 
with  the  bjitom  c^  the  corks,  so  as  to  leave  no  roughnesses  to 
carrr  off  the  ele<rtricitT.  In  like  manner,  when  the  wires  were 
not  used,  the  ends  of  the  straws  were  closed  up  with  wax. 

SSS]  The  pioponion  which  the  force  with  which  the  balls  of 
this  electrometer  endeavoured  to  close  when  the  wires  were  in- 
sened  bore  to  that  with  which  thev  endeavoured  to  close  without 

the  wires  was  thus  found.    The  weight  of  the  straw  •!  ^  with  its 

•6 
•65 
grains,  and  the  distance  of  its  center  o(  gravity  from  the  center  of 

suspension  was  -  ..9^.  inches,  as  was  found  by  balancing  it  on  the 

edge  of  a  knife.  Consequently  the  force  with  which  this  straw 
when  put  in  its  place,  endeavours  to  descend  towards  the  perpen- 
dicular, supposing  it  to  be  removed  to  a  given  distance  from  it,  was 

(7-0    x5*36 

(6G5  X  o•2^o 

(1205 
The  weight  of  the  wire  inserted  was  ^  /I       grains,  and  half  its 

lensrth  was  ^ ,  *!'   inches,  so  that  as  the  distance  of  the  bottom  of 
®  ^100 

the  cork  balls  from  the  center  of  suspension  was  111  inches,  the 

distance  of  its  center  of  gravity  from  the  center  of  suspension  was 

*  '^     inches,  and  therefore  the  excess  of  the  force  with  which  the 
101 

ball  endeavours  to  descend  towanls  the  perpendicular  when  the 
wire  is  inserteil  above  that  with  which  it  endeavours  to  descend 
vrithout  [the  wire]  is  to  the  force  with  which  it  endeavours  to 


ball  and  centre  pin  but  without  its  wire  was  found  to  be  -j^ 


I 


,     .  ,     ^  ,.       .  (1203  X   9-87  ^     (7-6   x  6-36 

<{  without  the  wire  as  ^^^      ^  ^^.^    to  |g.g.  ^  ^,^, 


or  as 


F 

r    f2-!): 
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'2'!)  2 
■ja"      to  one.     Therefore  the  force  with  which  the  electrometer 

emieavours  to  close  when  the  wires  are  inserted  ia  to  that  with 
which  it  eudeavoiira  to  close  without  the  wires  as  3'9  to  1, 

389]  E  and  7*"  are  two  coated  Leyden  vials,  nearly  of  the  same 
size.  The  outside  coatings  of  both  communicate  with  the  ground, 
and  the  inside  coating  of  E  communicates  with  CD,  but  not  that 
of.F. 

390]  The  way  in  which  I  tried  the  experiment  was  as  follows. 
I  first  compared  the  electrometer  C  with  the  electrometer  D  with- 
out the  wires,  and  found  that  when  the  jar  E  was  electrified  to 


fl4l 

ii'u  divisions,  so  that  the  same  degree  of  electrificatioQ  which 

(13  fl44 

made  C  separate  <      divisions  made  O  separate  \   I*  divisions. 

I  then  put  the  wires  into  the  electrometer  D,  and  put  the 
larger  of  the  two  vials  in  the  place  of  E,  and  electrified  E  and 
consetjuently  the  rod  CD  and  the  two  electrometers  till  D  sepa- 
rated \   n  divisions. 

The  wire  by  which  E  vaa  electrified  was  then  immediately 
taken  away  and  a  communication  made  between  J?  and  F,  so  that 
the  reilundant  fluid  in  E  and  CD  and  the  electrometers  waa  com- 
municated to  F. 

It   was  found    that  the  electrometer  0  then  separated  ]     * 

divisions. 

The  experiment  was  then  repeated  in  the  same  manner,  ex- 

cppt  that  the  smaller  vial  was  placed  at  E.     It  was  found  that  if 

fl3 
E  was  electrified  till  D  separated  J       divisions,  then  on  making  a 

3!H]     From  hence  we  may  conclude  that  if  the  viah  had  been 

(13 
exactly   equal  and  E  had  been  electrified  till  D  separated  J 


IV)  2  REPULSION  WITH  DIFFEBENT  DEOBEES  [391 

iiv*sioud,  theu  on  making  a  communication  between  E  and  F^  C 

("141 
vkuuld  have  separated  ^.«,,  divisions. 

Pu:  \z  appears  from  the  first  mentioned  part  of  the  experiment, 
ib^z  Z2<  5uaie  degree  of  electrification  which  makes  C  separate 

,  '    *  I.visioarf  is  sufficient  to  make  D  without  the  wires  separate 

^      .  tiivi&ionsL   From  whence  it  appears  that  if  the  jars  are  exactly 

equal,  aud  one  of  them  is  electrified  till  the  electrometer  D  with 

(13 
the  wires  separates  <      divisions,  and  its  electricity  is  then  com- 
municated to  the  other  vial,  the  electricity  will  be  of  that  degree 
of  strength   which  is  necessary  to  make  the  same  electrometer 

(13 
without  the  wires  separate  -l^. .  divisions,  that  is,  very  nearly  the 

same  as  brforo,  or  as  it  did  with  the  wire  before  the  communica- 
tion of  tho  olivtricity. 

But  if  tho  viiiU  nro  equal,  the  quantity  of  redundant  fluid  in 
the  first  villi,  nftor  it8  clectricitv  is  communicated  to  the  second, 
will  be  very  I  it  tit'  in(»n«  than  half  of  what  it  was  before  the  com- 
munication, for  tlio  quantity  of  redundant  fluid  in  the  rod  DC 
rtud  the  rK'rlnunolrrs  is  trilling  in  comparison  of  that  in  the  vial*, 
and  conse(jnoiitly  it  iqiptNirs  that  the  distance  to  which  the  electro- 
uioter  with  th»»  wirrs  in  it  soparates  with  a  given  quantity  of 
rtniundant  iluid  in  tho  vial  is  very  nearly  the  same  as  that  to 
which  it  Koi)arato«  without,  tho  wires  when  there  is  only  half  that 
quantity  of  redundant  fluid  in  the  vial. 

Tlicreforo  as  tlu^  foroe  with  which  the  electrometer  endeavours 
to  close  by  its  weight  when  the  wires  are  in  is  to  that  with  which 
it  endeavours  to  cIoho  without  the  wires  as  3'9  to  1,  it  appears 
that  the  force  with  which  the  balls  of  the  electrometer  are  repelled 
with  a  given  quantity  of  redundant  fluid  in  the  vial,  is  to  that 
with  which  they  are  repelled  when  there  is  only  half  that  quantity 
ut*  redundant  fluid  in  the  vial  lus  3'9  to  1  (supposing  the  distance 

*   [In  a  sentence  which  CavendiRh  has  Bcorod  ont  in  his  MS.  we  read — ] 

||  charge  of  the  two  vials  together  was  fonnd  to  be  2168  inches.  The  diameter 
od  CD  was  at  a  xnedinm  about  j  of  an  inch.  [This  would  make  the  com- 
Alge  of  the  rod  9*7  inches.— Ed.] 
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r  of  the  balb  to  be  the  same  in  both  ca^es),  that  \b,  very  nearly  as 
the  square  of  the  quantity  of  redundant  fluid  in  the  vial,  the 
difference  being  not  more  than  what  might  very  easily  be  owing 
to  the  eiTor  of  the  experiment.  So  that  the  experiment  agrees 
very  well  with  the  theory, 

392]  It  was  found  that  if  the  communication  was  made  be- 
tween the  two  vials  by  a  piece  of  metal,  the  electricity  was  dimi- 
nished so  suddenly  as  to  set  the  straws  a  vibrating,  and  it  was 
some  time  before  they  stopt,  for  which  reason  the  communication 
was  made  by  a  piece  of  moist  wood,  which,  though  it  communicates 
the  electricity  of  one  vial  to  the  other  very  quickly,  did  not  do  it 
BO  instantaneously  as  to  make  the  straws  vibrate  much, 

393]  The  electricity  of  the  vial  was  found  to  waste  very 
slowly,  so  that  it  could  not  be  sensibly  diminished  during  the 
small  time  spent  in  communicating  the  electricity  from  one  vial 
to  the  other  and  reading  off  the  divisions,  so  that  no  sensible 
error  could  proceed  from  that  cause. 

39+]  I  tried  the  experiment  before  in  the  same  manner,  and 
with  the  same  electrometers,  except  that  the  straws  were  not 
pit,  but  only  moistened  with  salt.  It  then  seemed  as  if  the 
force  with  which  the  balls  of  the  electrometer  were  i-epelled  with 
a  given  quantity  of  redundant  fluid  in  the  vial  was  to  that  with 
which  they  were  repelled  with  only  half  that  quantity  in  the 
vial  as  4  to  f. 

As  I  suspected  that  this  small  difference  from  the  theory  was 
owing  to  the  straws  not  conducting  sufficiently  readily,  I  gilt  the 
straws,  when,  as  was  before  shewn,  the  experiment  agreed  very 
well  with  theory. 

It  must  be  observed  that  if  the  straws  do  not  conduct  suffi- 
iQeotly  readily,  the  halls  of  the  electrometer  will  not  be  so 
litrongly  electrified  and  will  not  separate  so  much  as  they  ought 

do,  and  in  all  probability  the  difference  will  be  greater  in  the 
Btronger  degree  of  electricity,  in  which  the  electricity  wastes  much 
faster,  than  it  is  in  the  weaker,  and  will  therefore  diminish  the 
degree  of  separation  more  in  the  stronger  degree  of  electricity  than 
in  the  weaker,  and  will  therefore  make  the  force  with  which  the 

b  repel  with  the  stronger  degree  of  electricity  appear  to  be  less 

proportion  to  that  with  which  they  repel  with  tha  weaker 
than  it  ought  to  be. 
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in  other  circumstancea,  where  the  electric  fluid  hath  a  much 
readier  passage  than  through  the  person's  bo(!y.  To  explain  this, 
it  Tanni  be  considered,  that  when  a  jar  is  electrified,  and  any 
numher  of  different  circuits  are  made  between  its  positive  and 
■  amative  side,  flome  electricity  will  necessarily  pass  along  each  ; 
tut  a  greater  quantity  will  pass  through  those  in  which  it  meets 
TTith  less  resistance,  than  those  in  which  it  meets  with  more. 
For  instance,  let  a  person  take  some  yards  of  very  fine  wire, 
iliolding  one  end  in  each  band,  and  let  him  discharge  the  jar  by 
touching  the  outside  with  one  end  of  the  wire,  and  the  inside 
with  the  other;  he  will  feel  a  shock,  provided  the  jar  is  charged 
litgh  enough ;  but  less  than  if  he  had  dischaiyed  it  witbovit 
iiolding  the  wire  in  his  hands ;  which  shews,  that  part  of  tha 
electricity  passes  through  his  body,  and  part  through  the  wire. 
rfionie  electricians  indeed  seem  to  have  supposed  that  the  electric 
Vuid  passes  only  along  the  shorl-est  and  readiest  circuit;  but 
Iwsides  that  such  a  siippasition  would  be  quite  contrary  to  wliat 
'3S  observed  in  ail  other  fluids,  it  does  not  agree  with  experience. 
"What  seems  to  have  led  to  this  mistake  is,  that  in  discharging 
\m  jar  by  a  wire  held  in  both  hands,  as  in  the  above-mentioned 
•experiment,  the  person  will  feel  no  shock,  unless  either  the  wire 
M  very  long  and  slender,  or  the  jar  is  very  large  and  highly 
charged.  The  reason  of  which  is,  that  metals  conduct  surpris- 
l-ingly  better  than  the  human  body,  or  any  other  substance  I  am 
'•cqnaiuted  with ;  and  consequently,  unless  the  wire  is  very  long 
[■nii  alender,  the  quantity  of  electricity  which  will  pass  through 
ttiie  person's  body  will  bear  so  small  a  proportion  to  the  whole, 
1^18  not  to  give  any  sensible  shock,  unless  the  jar  is  very  large  and 
;llighly  charged. 

39S]  It  appears  from  some  experiments*,  of  which  I  propose 
shortly  to  lay  an  account  before  this  Society,  that  iron  wire  con- 
ducts about  400  million  times  bettor  than  rain  or  distilled  water; 
tliat  is,  the  electricity  meets  with  no  more  resistance  in  passing 
through  a  piece  of  iron  wire  400.000,000  inches  long,  than  through 
a  column  of  water  of  the  same  diameter  only  one  inch  long, 
8va  water,  or  a  solution  of  one  part  of  salt  in  30  of  water,  conducts 
100  times,  and  a.  saturated  solution  of  sea  salt  alwut  720  times 
Wtter  than  rain  water. 

•   [ArtB,  576,  677,  5M,  G87.] 


196  ON  THE  TOBPEDO.  [399 

399}  To  apply  what  liath  been  here  stud  to  the  torpedo; 
suppose  the  fisb  by  any  means  to  convey  in  an  instant  a  quantity 
of  electricity  tbrougb  its  electric  or^ns,  from  tbe  lower  surface 
to  the  upper,  so  as  to  make  tbe  upper  surface  contain  more  than 
its  natural  quantity,  and  the  lower  less;  this  fluid  will  imme- 
diately flow  back  in  all  directions,  part  over  the  moist  surface, 
and  part  through  the  substance  of  its  body,  suppoung  it  to  conduct 
electricity,  as  in  all  probability  it  does,  till  the  equilibrium  is 
restored :  and  if  any  person  bath  at  the  time  one  hand  on  the 
lower  surface  of  tie  electric  organs,  and  the  other  on  the  upper, 
part  of  the  fluid  will  pass  through  his  body.  Moreover,  if  he 
hath  one  hand  on  one  surface  of  an  electric  organ,  and  another 
on  any  other  part  of  its  body,  for  instance  the  tail,  still  some  part 
of  the  fluid  will  pass  through  him,  though  much  leas  than  in  the 
former  case  ;  for  as  part  of  the  fluid,  in  its  way  from  the  upper 
surface  of  the  oi^an  to  the  lower,  will  go  through  the  tail,  some 
of  that  part  will  pass  tbrougb  tbe  person's  body.  Some  fluid  also 
will  pass  through  faim,  even  though  he  does  not  touch  either 
electric  organ,  but  hath  his  hands  on  any  two  parts  of  the  flshes 
body  whatever,  provided  one  of  those  parts  is  nearer  to  the  upper 
surface  of  the  electric  organs  than  the  other. 

400]  On  the  same  principle,  if  the  torpedo  is  immersed  in 
water,  the  fluid  will  pass  through  the  water  in  all  directions,  and 
that  even  to  great  distances  from  its  body,  as  is  represented  in 
Fig.  I,  where  tbe  full  lines  represent  the  section  of  its  body,  and 

Fig.  I. 
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the  dotted  lines  the  direction  of  the  electric  fluid ;  but  it  must 
be  observed,  that  the  nearer  any  part  of  the   water  ia  to  the  . 
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fishes  body,  the  greater  quantity  of  fluid  will  pass  through  iL 
Moreover,  if  any  person  touches  the  fish  in  this  situation,  either 
with  one  hand  on  the  upper  surface  of  an  electric  Oi^n,  and 
the  other  on  the  lower,  or  in  any  other  of  those  manners  in 
which  I  supposed  it  to  be  touched  when  out  of  the  water,  some 
fluid  will  pa;ss  through  hia  body;  but  evidently  less  than  when 
the  animal  is  held  in  the  air,  as  a  great  proportion  of  the  fluid 
will  pass  through  the  water:  and  even  some  fluid  will  pass  through 
him,  though  he  does  not  touch  the  fish  at  all ;  but  ouly  holds 
bia  hands  in  the  water,  provided  one  hand  is  nearer  to  the  upper 
surface  of  the  electric  organs  than  the  other. 

401]  The  second  difficulty  is,  that  no  one  hath  ever  per- 
ceived the  shock  to  be  accompanied  with  any  spark  or  light, 
pr  with  the  least  degree  of  attraction  or  repulsion.  With  regard 
(o  this,  it  must  be  observed,  that  when  a  person  receives  a  shoclc 
from  the  torpedo,  he  must  have  formed  the  circuit  between  ita 
upper  and  lower  surface  before  it  begins  to  throw  the  electricity 
from  one  side  to  the  other ;  for  otherwise  the  fluid  would  be  dis- 
charged over  the  surface  of  the  fishes  body  before  the  circuit  was 
completed,  and  consequently  the  person  would  receive  no  shock. 
The  only  way,  therefore,  by  which  any  light  or  spark  could  be 
]>erceived,  must  be  by  making  some  interruption  in  the  circuit- 
INow  Mr  Walsh  found,  that  the  shock  would  never  pass  through 
■the  least  sensible  spiice  of  air,  or  even  through  a  small  brass  chain. 
This  circumstance,  therefore,  does  not  seem  inconsistent  with  the 
supposition  that  the  phenomena  of  the  torpedo  are  owing  to 
electricity ;  for  a  large  battery  will  give  a  considerable  shock, 
'though  BO  weakly  charged  that  the  electricity  will  hardly  pass 
through  any  sensible  space  of  air ;  and  the  larger  the  battery  is, 
the  less  will  this  space  be.  The  principle  on  which  this  depends 
>nil  appear  from  the  following  experiments. 

fc402]  I  toolc  several  jars  of  different  sizes,  and  connected 
Bt  to  the  same  prime  conductor,  and  electrified  them  in  a  given 
_ree,  as  shewn  by  a  very  exact  electrometer;  and  then  found 
hovr  near  the  knobs  of  an  instrument  in  the  nature  of  Mr  Lane's 
electrometer  must  be  approached,  before  the  jars  would  discharge 
themselves,  I  then  electrified  the  same  jars  again  in  the  same 
degree  as  before,  and  separated  alt  of  them  from  the  conductor 
riBxcept  one.    It  was  found,  that  the  distance  to  which  the  knobs 
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must  be  approached  to  discharge  this  siugle  jar  was  not  sensil 
less  thau  the  former.  It  was  also  found,  that  the  divergence 
the  electrometer  was  the  same  after  the  removal  of  the  jara 
before,  provided  it  was  placed  at  a  considerable  diataLCe  froi 
them ;  from  which  last  circumstance,  I  think  we  may  concludi 
that  the  force  with  which  the  tliiid  endeavours  to  escape  from  l 
single  Jar  Is  the  same  as  from  all  the  jars  together*. 

403]  It  appears,  therefoi-e,  that  the  distance  to  which 
spark  will  fly  is  not  sensibly  aflected  by  the  number  or  size  of  tb 
jars,  but  depends  only  on  the  force  with  which  they  are  electrified 
that  is,  on  the  force  with  which  the  SuiJ  endeavours  to  escaj 
from  them  :  consequently,  a  lai^e  jar,  or  a  great  number  of  jai 
will  give  a  greater  shock  than  a  small  one,  or  a  small  numbi 
electrified  to  such  a  degree,  that  the  spark  shall  fly  to  the  san 
distance ;  for  it  is  well  known,  that  a  large  jar,  or  a  great  numbfl 
of  jars,  will  give  a  greater  shock  than  a  small  one,  or  a  sina] 
number,  electrified  with  the  same  force. 

404']  In  trying  this  ejcperimont,  the  jars  were  charged  vi 
weakly,  insomuch  that  the  distance  to  which  the  spark  would  fly 
was  not  more  than  the  20tb  of  an  inch.  The  electrometerf  1  used 
consisted  of  two  straws,  10  inches  long,  hanging  parallel  to  each 
other,  and  turning  at  one  end  on  steel  pins  as  centers,  with  cork 
balls  about  J  of  an  inch  in  diameter  fixed  on  the  other  end.  The 
way  by  which  I  estimated  the  divergence  of  these  balls,  was  by 
seeing  whether  they  appeared  to  coincide  with  parallel  lines  plaoecl 
behind  them  at  about  10  inches  distance  ;  taking  care  to  hold 
eye  always  at  the  same  distance  from  the  balls,  and  not  less  t1 
thirty  inches  off.  To  make  the  straws  conduct  the  better, 
were  gilded,  which  causes  them  to  he  much  more  regular  in 
effect.  This  electrometer  is  very  accurate;  but  can  be  used 
when  the  electricity  is  very  weak.  It  would  be  ea^,  howei 
to  make  one  on  the  same  principle,  which  should  be  fit  for  mi 
Buriug  pretty  strong  electricity. 


405]     The  instrument  by  which  I  found  to  what  distance  ( 
npark  would  fly  is  represented  in  Fig.  2 ;  it  differs  from  Mr  I 
electrometer  I  no  otherwise  than  in  not  betug  fixed  to  ajar,  1 
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made  so  as  to  be  held  in  the  hand.  The  part  ABCDEFGKLM 
is  of  baked  wood,  the  rest  of  br.oss ;  the  part  QKL  being  covered 
with  tinfoil  communicating  with  the  brass  work  at  FQ  ;  and  the 

Fife'-  2. 


part  ABM  being  also  covered  with  a  piece  of  tinfoil,  communi- 
cating with  the  brass  work  at  CD. 

406]  I  next  took  four  jars,  all  of  the  same  size ;  electrified 
one  of  them  to  a  given  degree,  as  shewn  by  the  electrometer ;  and 
tried  the  strength  of  the  shock  which  it  gave  ;  and  found  also 
to  what  distance  the  spark  would  fly,  1  then  took  two  of  the  jars, 
electrified  them  in  the  same  degree  ua  before,  and  communicated 

■  their  electricity  to  the  two  remaining.  The  shock  of  these  four 
jara  united,  was  rather  greater  than  that  of  the  single  jar ;  but  the 

>      distance  to  which  the  spark  would  fiy  was  only  half  aa  great*. 

407]  Hence  it  appears,  that  the  spark  from  four  jars,  all  of 
the  same  size,  will  not  dart  to  quit*  half  so  great  a  distance  as 
that  from  one  of  those  jars  electrified  in  such  a  degree  as  to  give 
a  shock  of  equal  violence  ;  and  consequently  the  distance  to  which 
the  spark  will  Hy  is  inversely  in  a.  rather  greater  proportion  than 
the  square  root  of  the  number  of  jars,  supposing  them  to  be 
electrified  in  such  a  degrue  that  the  shock  shall  be  of  a  given 
strength.  It  must  be  observed,  that  in  tlie  last  mentioned  ex- 
periment, the  quantity  of  electric  fluid  which  passed  through  my 
body  was  twice  as  great  in  taking  the  shock  of  the  four  jars,  aa  in 
taking  that  of  the  single  one ;  but  the  force  with  which  it  was 
impelled  was  evidently  less,  and  I  think  we  may  conclude,  was 
only  half  as  great.  If  so,  it  appears  that  a  given  quantity  of  elec- 
K  tricity,  impelled  through  our  body  with  a  given  force,  produces  a 
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rather  less  shock  than  twice  that  quantity,  impelled  with  half  ^ 
force ;  aud  consequentlj,  the  strength  of  the  shock  depends  tatt 
more  on  the  quantity  of  fluid  which  passes  through  our  body,  thi 
on  the  force  with  which  it  is  impelled. 

408]     That  no  one  could  ever  perceive  the  shock  to  be  ae> 
companied  with  any  attraction  or  repnision,  does  not  seem  extiai* 
ordinary ;  for  as  the  electricity  of  the  torpedo  is  dissipated  by 
escaping  through  or  over  the  surface  of  its  body,  the  iustant  it  u^ 
produced,  a  pair  of  pith  balls  suspended  from  any  thing  in  contact 
with  the  animal  will  not  have  time  to  separate,  nor  will  a  fina 
thread  hung  near  its  body  have  time  to  move  towards  it,  beforij 
the  electricity  is  diiisipated.     Accordingly  I  have  been  informso! 
by  Dr  Priestley,  that  in  discharging  a  battery  he  never  coul 
a  pair  of  pith  balls  suspended  from  the  discharging  rod  to  separat 
But,  besides,  there  are  scarce  any  pith  balls  so  fine,  as  to  separej 
when  suspended  from  a  battery  so  weakly  electrified  that  its  shi 
will  not  pass   through  a  chain,  as  is  the  case  with  that  of  tl 
torpedo, 

409]     In  order  to  examine  more  accurately,  how  far  the  pIu 

nomena  of  the  torpedo   would  agree   with   electricity,  I  enda 

voured  to  imitate  them  by  means  of  the    following   apparati 

ABCFGDE,  Fig.  3,  is  a  piece  of  wood,  tJie  ysxi  ABODE  uf  whi 

Fig.  3. 


is  cut  into  the  shape  of  the  torpedo,  and  is  IGj  inches  long  fr 
A  to  D,  and  10^  broad  from  BioE\  the  part  GFQD  is  40  inchi 
long,  and  serves  by  way  of  handle.     MNntn  is  a  glass  tube 
into  a  groove  cut  in  the  wood.     Ww  is  a  piece  of  w 
through  the  glass  tube,  and  soldered  at   TF  to  a  thin  piece 
pewter  Rr  lying  flat  on  the  wood,  and  intended  to  represent 
upper  surface  of  the  electric  organs.     On  the  other  side  of 
wood  there  is  placed  such  another  glass  tube,  not  rcpresenl 
in  the  figure,  with  a  wire  pa-ssing  through   it,  and  soldered 
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r  piece  of  pewter  of  the  same  size  and  shape  as  Rr  intended 
>  represeot  the  lower  surface  of  those  organs.     The  whole  part 
^'ABCDE  is  covered  with  a  piece  of  sheep's  skin  leather. 

410]  In  making  experiments  with  this  instrument,  or  arti- 
ficial torpedo  tm  I  shall  call  it,  after  having  kept  it  in  water  of 
about  the  same  saltness  as  that  of  the  sea,  till  thoroughly  soaked, 
I  fastened  the  end  of  one  of  the  wires,  that  not  represented  in  the 
drawing  for  example,  to  the  negative  side  of  a  large  battery,  and 
'hen  it  was  sufficiently  charged,  touched  the  positive  side  with 
end  of  the  wire  Ww ;  by  which  means  the  battery  was  die- 
iharged  through  the  torpedo:  for  as  the  wires  were  inclosed  in 
glass  tubes,  which  extended  about  an  inch  beyond  the  end  of  the 
■wood  FQ  no  electricity  could  pass  from  the  positive  side  of  the 
battery  to  the  negative,  except  by  flowing  along  the  wire  Wa 
to  the  pewter  Sir,  and  thence  either  through  tlie  substance  of  the 
vood,  or  along  the  wet  leather,  to  the  opposite  piece  of  pewter, 
lOd  thence  along  the  other  wire  to  the  negative  side.  When  I 
mid  receive  a  shock  myself,  I  employed  an  assistant  to  charge 
le  battery,  and  when  my  hands  were  in  the  proper  position,  to 
icharge  it  in  the  above  mentioned  manner  by  means  of  the  wire 
w.  In  experiments  with  this  torpedo  under  water,  I  made  use 
a  wooden  trough  ;  and  as  the  strength  of  the  shock  may, 
irhaps,  depend  in  some  measure  on  the  size  of  the  trough,  and 
the  manner  in  which  the  torpedo  lies  in  it,  I  have,  in  Fig.  4, 
Fig.  4. 
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Tgiven  a  vertical  section  of  it ;  the  torpedo  being  placed  in  the 
same  situation  as  in  the  figure.  ABODE  is  the  trough;  the 
length  £C  is  19  inches;  the  depth  AB  is  14;  and  the  breadth 
is  13;  consequently,  as  the  torpedo  is  two  inches  thick  in  the 
thickest  part,  there  is  about  5^  inches  distance  between  its  sides 
asd  those  of  the  trough. 


r 
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411]  Tbe  tattery  »-as  composed  of  49  jant.  of  estawudy  th 
glM8,  disposetl  in  7  rows,  ami  so  coDtriveil  that  I  coukl  use  a 
Dumber  of  rows  I  cbo^e.  The  outrides  of  the  jats  were  ooat 
with  tinfoil;  but  as  it  would  have  been  \ery  diiBcalt  to  ha 
coated  the  insiJes  iii  that  manner,  they  vere  filleil  with  salt  wat 
In  a  battery  to  answer  the  purpose  for  which  this  was  intendt 
it  is  evidently  necessary  that  the  metals  serving  to  uudce  the 
munications  between  the  diSerent  jars  should  be  joined  qoil 
close:  accordingly  care  was  taken  that  the  contacts  should 
made  as  perfect  as  possible.  I  fiod,  by  trial,  that  each  row 
the  battery  contains  about  15|  times  as  much  electricity,  wh 
both  are  connected  to  the  same  prime  conductor,  as  a  plato 
crown  glass,  the  area  of  whose  coating  is  100  square  inches,  ai 
whose  thickness  is  j^Jg  of  an  inch  ;  that  is,  such  that  one  st\w 
foot  of  it  shall  weigh  10  oz.  12  dwts. ;  and  consequently,  the  wb 
battery  contains   about   110   times  as  much  electricity   as   t] 


412]     The  way  by  which  this  was  determined,  and  which, 
think,  is  one  of  the  easiest  methods  of  comparing  the  quantity 
electricity  which  different  batteries  will  receive  with  the  same  d« 
of  electri£catiou,  was  this :  First  of  all,  supposing  a  jar  or  batl 
to  be  electrified  till  the  balls  of  the  above-mentioned  electromi 
separated  to  a  given  distance,  I  found  how   much  they  woi 
separate  when  the  quantity  of  electricity  in  that  jar  or  battoqf] 
■was  reduced  to  one-half,     To  do  this,  I  took  two  jars,  as  Dearl|fi 
equal  as  possible,  and  electrified  one  of  them  till  the  balls  sepA^i 
rated  to  a  given  degree,  and  then  communicated  its  electricity; 
to  the  other;  aud  observed  to  what  distance  the  balls  soparaf 
after  this  communication.     It  is  plain,  that  if  the  jars  wer 
equal,  this  would  bo  the  distance  sought  for;  as  in  that  case 
quantity  of  electricity  in  the  first  jar  would  be  just  half  as  mi 
after  the  communication  aa  before;  but  as  I  could  not  be 
that  they  were  exactly  equal,  I  repeated  the  experiment 

*  I  Sud,  bj  experiment,  Uiat  the  (loiuitit;  of  eleotrieitj  which  [i04t«d  sUmI 
different  abupes  sad  tisee  nill  receive  with  the  suue  ilep-ev  of  electriflotition,  1 
directly  KB  ^id  oxen  of  the  cootiug,  and  invcrsetr  oa  the  lhSaLnm»  of  Uia  rI 
whcnoo  tlie  proportimi  which  the  quuntit;  ol  etectricilf  in  this  battery  bttsra  tc 
ill  n  giant  or  iu  at  u>y  other  tne,  may  euily  be  com)iuti>d.  [Sea  Art.  SSI- 
charge  ol  tbo  Srst  row  ol  jus  wbb  IHC3B,  aud  Ihul  of  the  whole  battery  a 
4t>lU()U  ioohcfi  or  elMtnoily.J 
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■•lectrifyiog  the  secoud  jar,  communicating  its  electricity  to  the 
W  first,  and  observing  how  far  the  balls  Beparatcd ;  the  mean  between 
these  two  distaucea  will  evidently  be  the  degree  of  Beparation 
sought,  though  the  jars  were  iiut  of  the  same  size.     Having  found 
this,  I  electrified  one  row  of  the  battery  till  the  bails  separated 
to  the  first  distance,  and  repeatedly  communicated  its  electricity 
to  the  plate  of  coated  crown  glass,  taking  care  to  discharge  the 
plate  each  time  before  the  commiiaication  was  made,  lill  it  ap- 
peared  by  the  electrometer,  that   the  quantity  of  electricity  in 
I  ttiat  row  was  reduced  to  one-half.     I  found  it  necessary  to  do  this 
ijwtween  11  or  12  times,  or  11^  times  aa  I  estimate  it.     Whence 
Ale  quantity  of  electric  fluid  in  the  row  may  be  thus  determined. 

413]  Let  the  quantity  in  the  plate  be  to  that  in  the  row 
i  iT  to  1;  it  19  plain,  that  the  electricity  in  the  row  will  be 
diminished  each  time  it  is  communicated  to  the  plate,  in  the  pro- 
portion of  1  to  1  4-  ir,  and  consequently  after  being  communicated 
llj  times  will  be  reduced  in  the  proportion  of  1  to  {l-)-3:)"i; 

therefore,  {1  -f-  a;)"'  =  2 ;  and  1  +x  =  2!"'.    Whence  the  value  of  us 

Ipiay  ea.sily  be  found  by  logarithms.  But  the  readiest  way  of  com- 
tonting  it,  and  which  is  exact  enough  for  the  purpose,  is  this: 
multiply  the  number  of  times  which  you  communicated  the  elec- 
Bicity  of  the  row  to  the  plate,  by  1,444;  and  from  the  product 
nbtract  the  fraction  ^ ;  the  remainder  is  equal  to  - ,  or  the 
number  of  times  by  which  the  electricity  in  the  row  exceeds  that 
in  the  plate*. 

414]  The  way  by  which  I  estimated  the  strength  of  the 
!■  ^arge  given  to  the  battery,  was  taking  a  certain  number  of  jars, 
Tluid  electrifying  them  till  the  balls  of  the  electrometer  separated 
I  a  given  distance,  and  then  communicating  their  electricity  to 
J  battery.  This  method  proved  very  convenient ;  for  by  using 
Uways  the  same  jars,  I  was  sure  to  give  always  the  same  charge 
1  great  exactness ;  and  by  varying  the  number  and  size  of  the 
,  I  could  vary  the  charge  at  pleasure,  and  besides  could  esti- 
.e  pretty  nearly  the  proportion  of  tbe  different  charges  to  each 
jr.  It  was  also  the  only  convenient  method  which  occurred 
t  ine;  for  I  could  not  have  done  it  convenieutly  by  charging  the 
•  t.Vrts.4ii,  cea.j 


[41S 

TOiiiie  'laxzKiTj  iSL  in.  •^jsszrjmexsr  acnsuseii  boat  H  ■■pMitfd 
Zti  i,  zi'T^a  Lauocf^ :  jecsuxse  En.  iumc  'it  dsis  cxpaDBCBfei  the  deo- 
^ricisT  -vait  u  -vnau;.  ^has  2  oair  if  dm^  pck  biQft  mncBdcd  from 
^he  'ruLZScTT  -Jriaji  sepacais  mlj  s  a  vsj  siuiZl  itawlinre ;  and 
cniizL::i34r  liiti^  munhis  it  rgvoiirriiintf  jc  ^xu^  ^exxneal  larhine  is  ft 

41  r  r  5:iini£.  td*'jl  trail*  'inos  ^3isz&.  &  Aodk  m^lit  be  pn>- 
eTr=ii  fr:izL  'h'.*^  a2r±ii:i;L.  vrpeio.  'nLn  ajdii  imiia'  wmter,  jet  there 
was}  ^»  zr?az  ;&  >if:«Qr:tH:nii:a  acrv^eciL  r&  screngdir  when  leceiTed 
tkis  wi,T.  iuui  ZL  air  :  i^r  if  I  puued  one  iiazki  on  the  upper,  and 
the  ocner  en  ice  !ow<er  ior^kre  *^  zbsS;  «iecczif  «gaosy  and  gave  sack 
a  eiLar?c  tc^  uie  bancfj.  zhikz  me  sli-^rk.  viiea  receiTed  in  air,  was 
as  rzoiur  aa.  I  btHieT».  ^iias  ot'  i&e  koI  torpedo  commoiilT  is ;  it 
waa  b«ii:  JTsc  per:epc5>ie  when  receiTed  under  vater.  Bj  in- 
crea»in*z  uie  cru&rze*  ind^eed.  it  b«fcame  oooaderaUe;  bat  then 
iois  cLarg<»  wo'iLi  Lave  gi^^a  a  mocii  greater  shock  oot  of  wat^ 
than  the  torpeio  fi->rnm.%nTj  d*3e&  The  water  used  in  this  experi* 
ment  was  of  abjot  the  same  degree  of  saltn^ss  as  that  of  the  sea ; 
that  being  the  natural  element  o£  the  toq>edo.  and  what  Mr  Walsh 
made  his  experiments  with.  It  was  composed  of  <me  part  of 
common  salt  dissolTed  in  30  of  water,  whidi  is  the  proportion 
of  salt  osoallT  said  to  be  contained  in  sea  water.  It  appeared 
aUo,  on  examination,  to  ondact  electricity  not  sensibly  better  or 
worse  than  some  sea  water  procured  &om  a  mineral  water  ware- 
house. It  is  remarkable,  that  if  I  used  fresh  water  instead  of 
salt,  the  shock  seemed  very  little  weaker,  when  received  under 
water  than  out:  which  not  onlv  confirms  what  was  before  said, 
that  salt  water  conducts  much  better  than  fresh ;  but,  I  think, 
fihews,  that  the  human  bodv  is  also  a  much  better  conductor  than 
fresh  water :  for  otherwise  the  shock  must  have  been  much  weaker 
when  received  under  fresh  water  than  in  air. 

410]  As  there  appeared  to  be  too  great  a  disproportion  be- 
tween the  strength  of  the  shock  in  water  and  in  air,  I  made 
another  torpedo i",  exactly  like  the  former,  except  that  the  part 
ABCDE  instead  of  wood  was  made  of  several  pieces  of  thick 
U?ather,  such  as  is  used  for  the  soles  of  shoes,  fastened  one  over 
the  other,  and  cut  into  the  proper  shape ;  the  pieces  of  pewter 

*  [Art.  596.]  t  [Arts.  599,  600.] 
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rijeiug  fixed  on  the  surface  of  thia,  as  they  were  on  the  wood,  and 
1  the  whole  covered  with  sheep  akin  like  the  other.  As  the  leather, 
Vfaen  thoroughly  soaked  with  salt  water,  would  suffer  the  elec- 
ricity  to  pass  through  it  very  freely,  I  was  in  hopes  that  I  should 
bud  less  difference  between  the  strength  of  the  shock  in  water 
Ind  out  of  it,  with  this  than  with  the  other. 

417]  For  suppose  that  in  receiving  the  shock  of  the  former 
torpedo  under  water,  the  quantity  of  electricity  which  passed 
through  the  wood  and  leather  of  the  torpedo,  through  my  body, 
and  tlirough  the  water,  were  to  each  other  as  T,  B,  and  W*;  the 
quantity  of  electricity  which  would  pass  through  my  budy,  when 
the  shock  was  received  under  water,  would  be  to  that  which 
"would  pass  through  it,  when  the  shock  was  received  out  of  water, 

jiB  %  ,rp — Tir  ^  jr — rn',  IS  in  the  first  case,  the  quantity  which 
irould  pass  through  my  body  would  be  the  jz — j^ — rp  part  of 
'tibe  whole ;  and  in  the  latter  the   ,, — ^  part.     Suppose  now,  that 

ilie  latter  torpedo  conducts  N  times  better  than  the  former  ;  and 
consequently,  that  in  receiving  its  shock  under  water,  the  quantity 
tS  electricity  which  passes  through  the  torpedo,  through  my  body, 
and  through  the  water,  are  to  each  other  as  NT,  B,  and  W; 
the  quantity  of  electricity  which  will  now  pass  through  my  body, 
when  the  shock  is  received  under  water,  and  out  of  water,  will 

be  to  each  other  as  -^-T^jrr^y  to  ^Vjfy  '•  "l*"^''  ^^°  (\naa- 

titiea  differ  from  each  other  in  a  less  proportion  than  -„ — ^-  -~ 

; — =,:   consequently,  the  readier  the  body  of  the  torpedo 


»pd 
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inducts,  the  greater  charge  will  it  require  to  give  the  same  shock, 
either  in  water  or  out  of  it ;  but  the  less  will  be  the  difference 
between  the  strength  of  the  two  shocks.  It  should  be  observed, 
that  this  alteration,  so  far  from  making  it  less  resembling  the  real 
torpedo,  in  all  probability  makes  it  more  so ;  for  I  see  no  reason 
to  think,  that  the  real  torpedo  is  a  worse  conductor  of  electricity 

Ian  other  animal  bodies  ;  and  the  human  body  is  at  least  as  good, 
not  a  much  better  conductor  than  this  new  torpedo. 


•  [Arl8.  597,  599.] 
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^'.^~  Tif  T^-Hi"  uLf^rT-i  z^j  TiT^r:ai:<n;  for  it  required 
!":•  .-J-,  -u-—  ^i-r>  lir  rrf-L:  1  r-iiJCtre  tc  iL-r  tonerr,  to  give  the 
Si-:::-  *-::•  •  x  n  i-r  -^--Ji  -1:2*  i.t"^  T-.-nei:  i&  wiih  the  former;  and 
-_1t  •- f-r-L'T  :«-^v  — 1  rr  >r--i:^Ji  Vir^z.  rect-ived  under  water 
Li'i   .  1-    c  .1  TTL^  1^:  lii  I'T-fif  -l.Lz.  lir.'r-rr.  ii>i  j>rrhaTi5  not  greater 

n^rf  if.  b-Tf^Trr.  a  cusiderable  dif- 
.  l'  n  iij  ier  wiTirr  an  i  in  air.  In  air  it 
>  Vi-rrfi^.  ~i.'i^r  Titirr,  it  is  felt  chiefly 
ZL  'JL'T  :,i_.  -f.  Lz.'i  :i.»T  srZa^i'::::^:  :*  ^iirr^rr  ir^i  more  disagreeable. 
T-",  7iiJL.'z  i-i-i  ■:  rl-  •-■£.  .cIt  Teiif-r.  '■■as  fel:  if.  instead  of  touch- 
Li^  "tIt  >.  ■-:>.  I  ItjI  r_T  "\?v- jl?  ii.ir-r  -B^iicT  ii  iwo  OF  three  inches 


•m:v 


■--   -    "• 


41  '  I:  :>  rfzi «krk.Or'>.  •L.^i  I  ZrA  a  sh  >^k  of  the  same  kind, 
in*,  nrj^lj  :  I'lf  fe^:..-:  f'rrf-i.ri-.  -  I  to -oh-:- 5  the  torpedo  under 
TiTrr  "^--j.  :z.\t  :r.r  Lir.  L  is  -witi  roth.  S^me  gentlemen*  who 
rr->:.i:.':  :!-.  ti->.rl'^riLT  »::'::  i.-.r  tli.ujht  i:  was  rather  stroncrer. 
Ti:>  /:.--"?  :':.j:  ::.-.  >:.;•: i  "i:i-:r  TAT^r  ;s  rrrortoe^l  chieflv  bv  the 
e'.e::r.:::T  rr.i-:i.c  :lr.  v.^r.  :i.c  s  r.Ar.  i  frox^.  one  part  to  the  other; 

SkiL  \  :1.  it  r .::  a  5::-.:.1.  ii.\n  "n-^sn:^  :r.r:-"^ii  osr's  boilv  from  one  hand 

«        «  >.  « 

to  :::v  .::.:r.  T:.v  :r-.::r.  v*:  this  will  appear  with  more  certainty 
frov::  ::.-.-  :.ll  -srii.i:  o:r:-.::vi>v»r-i>- ;  namely,  that  if  I  held  a  piece 
of  r.:-.:./..  a  l.-i7Cv  >^.«  •  :■;  rV-r  :r.>tAr;.v,  in  eaoh  hand,  and  touched 
t:.':  :.r;r-::-  t^'::':.  •';.-::.■.  ::.>:v.\:  ..f  r.:v  hrir..ls.  it  <jave  me  not  the 
;•:*?:  >*:.  .  k  -»:.:::  ::::■::•  r>:v:  ::;  w:»::r  ;  :!..  i:i:h  when  held  in  air, 
i:  rn  :•■-:  ::.:■  a>  >:r  v.j'.y  ::'  I  :■  -.lohv  i  i:  with  the  sp<>Mis  as  with 
mv  h  \!:  :>.  Oil  :v*:r.  ..>".:. J  :V.o  oinri:--*.  ::v1e«>l.  its  ftfet^t  became 
v::^-:*: '.-:  :  ;•.:..:  :v>  v*-.ll  ;\>  1  o y.:*...i  j'^i-TO.  tiK-  battery  reipiiretl  to  be 
cliirj-  i  :"»':■■ -u:  tw. 'w  ::;;:>  ?.>  hi^h  t»  ^'ivo  the  same  shock  when 
the  X'V\*:  !■•  'AMs  t  v;/::^-i  w::h  tIi:-  sp»o!i>  uu-Kt  water  as  out  of  it. 
It  m.i-t  W  observovl.  that  \i\  trying  :lii<  oxjvriment,  as  my  hands 
were  uiit  uf  water.  I  could  W  anVvtod  only  by  that  jxirt  of  the 
fluid  wliich  jxi^^^sed  through  my  body  iVom  one  hand  to  the  other. 

42')]  The  fv»llowiupr  ,  xiK-riments  wore  made  with  the  torpedo 
in  air.  If  I  stoud  on  an  t-Kotric  stool,  and  touched  either  surface 
of  thr*  electric  organs  with  one  hand  only,  1  felt  a  shock  in  that 
hand ;    but   scarcely  so  strong  as  when  touching  it  in  the  same 

•  fSfo  Art.  COl,  27  May,  1775,  "Mr  Ronayne,  Mr  Hunter,  Dr  rrieRtlcy,  Mr 
'  ^ne,  Mr  N[ainie."J 
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manner  under  wat«r.  If  I  laid  a  hand  on  one  surface  of  the 
electric  organs,  and  with  the  other  touched  the  tail,  I  felt  a  shock ; 
but  much  weaker  than  when  touching  it  in  the  usual  manner ; 
that  ia,  with  one  hand  on  the  upper  surface  of  thoao  organs,  and 
the  other  on  the  lower.  If  I  laid  a  thumb  on  either  surface  of  an 
electric  organ,  and  a  6nger  of  the  same  band  on  any  part  of  the 
body,  except  on  or  very  near  the  same  surface  of  the  organs,  I 
felt  a  small  shock. 

In  all  the  foregoing  experiments,  the  battery  was  charged 
to  the  same  degree,  except  where  the  contrary  is  expressed : 
they  all  seem  to  agree  very  well  with  Mr  Walsh's  experiments. 

421]     Mr  Walsh  found,  that  if  he  inclosed  a  torpedo  in  a  flat 

basket,  open  at  the  top,  and  immersed  it  in  water  to  the  depth 

of  three   inches,  and   while   the   animal   was   in  that  situation, 

touched  its  upper  surface  with  an  iron  bolt  held  in  one  hand, 

while  the  other  hand  was  dipped  into  the  water  at  some  distance, 

I  ,lie  felt  a  shock  in  both  of  them,     I  accordingly  tried  the  same 

r  experiment  with  the  artificial  torpedo ;  and  if  the  battery  was 

[  charged  about  six  times  as  high  as  usual,  received  a  small  shock 

It  in  each  hand".     No  sensible  difference  could  be  perceived  in  the 

L  strength,  whether  the  torpedo  was  inclosed  in  the  basket  or  not, 

rTho  trough  in  which  this  experiment  was  tried  was  36  inches  long, 

lij  broad,  and  16  deep;  and  the  distance  of  that  hand  which  was 

Limmersed  in  the  water  from  the  electric  organs  of  the  torpedo, 

was  about  14  inches.    As  it  was  found  necessary  to  charge  the 

»ttery  so  much  higher  than  usual,  in  order  to  receive  a  shock, 

,  follows,  that  unless  the  fish   with  which  Mr  Walsh  tried  this 

experiment  were  remarkably  vigorous,  there  is  still  too  great  a 

disproportion  between  the  strength  of  the  shock  of  the  artificial 

torpedo  when  received  under  water  and  out  of  it.     If  this  is  the 

,  tlie  fault  might  evidently  be  remedied  by  making  it  of  some 

mbatance  which  conducts  electricity  better  than  leather. 

422]  When  the  torpedo  happens  to  be  left  on  shore  by  the 
itrcat  of  the  tide,  it  loosens  the  sands  by  flapping  its  fins,  till 
t  whole  body,  except  the  spiracles,  is  buried ;  and  it  is  said  to 

*  As  wcU  AS  I  could  jntlgo,  tlio  bntlcry  repaired  to  be  ehtirged  nbont  16  or  30 
«  u  high,  to  giro  a  ilioolf  ot  the  aiime  ntrengtb  nhen  receireU  this  kav  aa  when 
D  tha  oitiiil  mumnr  nltb  tbo  lorpedo  out  of  water.    (Art.  61S.J 
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happen  sometimes,  that  a  person  accideotallj  treading  on  it  in 
that  BituatioQ,  with  naked  fe«t,  ia  thrown  down  by  it.  I  there- 
fore filled  a  box,  32  inches  long  and  22  broad,  with  sand,  thoroughly 
soaked  with  salt  water,  to  the  depth  of  four  inches,  and  placed 
the  torpedo  in  it,  intirely  covered  with  the  sand,  except  the  upper 
part  of  its  convex  surface,  and  laid  one  hand  on  its  electrical 
Cleans,  and  the  other  on  the  wet  sand  about  16  inches  fnun  it. 
I  felt  a  shock,  but  rather  weak;  and  as  well  as  I  could  judge, 
as  strong  as  if  the  battery  ba*l  been  charged  half  as  high,  and  t 
shock  received  in  the  usual  way  *. 

423]  I  next  took  two  thick  pieces  of  that  sort  of  leatl 
which  is  nsed  for  the  soles  of  shoes,  about  the  size  of  the  j 
of  my  hand ;  and  having  previously  prepared  them  by  steepii) 
in  salt  water  for  a  week,  and  then  pressing  out  as  much  of  t 
water  aa  would  drain  off  easily,  repeated  the  experiment  wit| 
these  leathers  placed  under  my  handa  The  shock  was  we; 
than  before,  and  about  as  strong  as  if  received  in  the  usual  way 
with  the  battery  charged  one-third  part  as  high.  As  it  would 
have  been  troublesome  to  have  trod  on  the  torpedo  and  sand, 
I  chose  this  way  of  trying  the  experiment.  The  pieces  of  leather 
were  intended  to  represent  shoes,  and  in  all  probability  the  shoes 
of  persons  who  walk  much  on  the  wet  sand  will  conduct  electricity 
as  well  as  these  leathers.  I  think  it  likely,  therefore,  that  a  peraoa 
treading  in  this  manner  on  a  torpedo,  even  with  shoes  on,  but 
more  so  without,  may  be  thrown  down,  without  any  extraordin 
exertion  of  the  animal's  force,  considering  how  much  the  t 
of  the  shock  would  be  aided  by  the  surprise. 

424]     One  of  the  fishernnen  that  Mr  Walsh  employed  ass 
him,  that  he  always  knew  when  he  had  a  torpedo  in  his  i 
by  the  shocks  he  received  while  the  fish  was  at  several  feet  d 
tance;  in  particular,  he  said,  that  in  drawing  in  his  nets  v 
of  the  largest  in  them,  he  received  a  shuck  when  the  fish  t 
at  twelve  feet  distance,  and  two  or  three  more  beforo  be  f 
into  his  boat.     His  boat  was  afloat  iu  the  water,  and  he  dr^ 
in  the  nets  with  both   hands.     It  is  likely,  tliat  the  fishei 
might  magnify  the  distance;  but,  I  think,  he  may  so  &r  be  I 
lieved.  as  that  he  felt  the  shock  before  the  torpedo  wa*  dmwn  a 
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f  water.  This  is  the  most  estraordinary  instance  I  know  of  the 
Kjwer  of  the  torpedo ;  but  I  thiiik  seems  not  iucompatible  with  the 
laupposition  of  its  being  owing  to  electricity;  for  there  can  be 
t  little  doubt,  but  that  some  electricity  would  pass  through  the 
net  to  the  man's  bands,  and  from  thence  through  his  body  and 
the  bottom  of  the  boat,  which  in  all  probabihty  was  thoroughly 
soaked  with  water,  and  perhaps  leaky,  to  the  water  under  the 
boat;  the  quantity  of  electric  fluid,  however,  taking  this  circuit, 
would  most  likely  bear  so  small  a  proportion  to  the  whole,  that 
.this  effect  cannot  be  accounted  for,  without  supposing  the  fish 
to  exert  at  that  time  a  surprizingly  greater  force  than  what  it 
usually  does. 

423]     Hitherto,  I  think,  the  effects  of  this  artificial  torpedo 

i agree  very  well  with  those  of  the  natural  one.  I  now  proceed  to 
consider  the  circumstance  of  the  shock's  not  being  able  to  pass 
through  any  sensible  space  of  air.  In  all  ray  experiments  on  this 
^ead,  I  used  the  first  torpedo,  or  that  made  of  wood ;  for  as  it 
JB  not  necessary  to  charge  the  battery  more  than  one-third  part 
ks  high  to  give  the  same  shock  with  this  as  with  the  other,  the  ex- 
periments were  more  likely  to  succeed,  and  the  conclusions  to  be 
drawn  from  them  would  be  scarcely  less  convincing :  for  I  find, 
that  five  or  six  rows  of  my  battery  will  give  as  gi"eat  a  shock  with 
the  leathern  torpedo,  as  one  row  electrified  to  the  same  degree 
will  with  the  wooden  one ;  consequently,  if  with  tlie  wooden 
torpedo  and  my  whole  buttery,  I  can  give  a  shock  of  a  sufficient 
strength,  which  yet  will  not  pass  through  a  chain  of  a  given  number 
of  links,  there  can  be  no  doubt,  but  that,  if  my  battery  was  five 
or  six  tunes  as  large,  I  should  be  able  to  do  the  same  thing  with 
the  leathern  torpedo. 

426]  I  covered  a  piece  of  seahng  wax  on  one  side  with  a  shp 
of  tinfoil,  and  holding  it  in  one  hand,  touched  an  electrical  organ 
of  the  torpedo  with  the  end  of  it,  while  my  other  hand  was  ap- 
plied to  the  opposite  surface  of  the  same  organ.  The  shock 
passed  freely,  being  conducted  by  the  tinfoU  ;  but  if  I  made,  with 
a  penknife,  as  small  a  separation  in  the  tinfoil  aa  possible,  so  as 
to  he  Bure  that  it  was  actually  separated,  the  shock  would  not 
pass,  conformably  to  what  Mr  Walsh  observed  of  the  torpedo. 

427]  I  tried  the  experiment  in  the  same  manner  with  the 
lAPe|^decteMaetgrde8crifaed  in  Art  4Q5^and  found  that  the  shock 
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would  not  pass,  unless  the  knobs  were  brought  so  near  together 
as  to  require  the  assistance  of  a  magnifying  glass  to  be  sure  that 
they  did  not  touch. 

428]  I  took  a  chain  of  small  brass  wire,  and  holding  it  in  one 
hand,  let  the  lowest  link  lie  on  the  upper  surface  of  an  electric 
organ,  while  my  other  hand  was  applied  to  the  opposite  surface. 
The  event  was,  that  if  the  link,  held  in  my  hand,  was  the  fifth 
or. sixth  from  the  bottom,  and  consequently,  that  the  electricity 
had  only  four  or  five  links  to  pass  through  besides  that  in  my 
hand,  I  received  a  shock  ;  so  that  the  electricity  was  able  to  force 
its  way  through  four  or  five  intervals  of  the  links,  but  not  more. 
One  gentleman,  indeed,  found  it  not  to  pass  through  a  single 
interval ;  but  in  all  probability  the  link  which  lay  on  the  torpedo 
happened  to  bear  more  loosely  than  usual  against  that  in  his  hand. 
If  instead  of  this  chain  I  used  one  composed  of  thicker  wire,  the 
shock  would  pass  through  a  great  number  of  links ;  but  I  did  not 
count  how  many.  It  must  be  observed,  that  the  principal  re- 
sistance to  the  passage  of  the  electrical  fluid  is  formed  by  the 
intervals  of  the  lower  links  of  the  chain  ;  for  as  the  upper  are 
stretched  by  a  greater  weight,  and  therefore  pressed  closer  to- 
gether, they  make  less  resistance.  Consequently  the  force  re- 
quired to  make  the  shock  pass  through  any  number  of  intervals, 
is  not  twice  as  great  as  would  be  necessary  to  make  it  pass  through 
half  the  number.  For  the  same  reason  it  passes  easier  through  a 
chain  consisting  of  heavy  links  than  of  light  ones. 

429]  Whenever  the  electricity  passed  through  the  chain,  a 
small  light  wa^  visible,  provided  the  room  was  quite  dark.  This, 
however,  aflbrds  no  argument  for  supposing  that  the  phenomeua 
of  the  torpedo  are  not  owing  to  electricity ;  for  its  shock  has  never 
been  known  to  pass  through  a  chain  or  any  other  interruption  in 
the  circuit ;  and  consequently,  it  is  impossible  that  any  light  should 
have  been  seen. 

430]  In  all  these  experiments,  the  battery  was  charged  to 
the  same  degree  ;  namely,  such  that  the  shock  was  nearly  of  the 
same  strength  as  that  of  the  leathern  torpedo,  and  which  I  am 
inclined  to  think,  from  my  conversation  with  Mr  Walsh,  may  be 
considered  as  about  the  medium  strength  of  those  of  a  real  oue 
of  the  same  size  as  this.  It  was  nearly  equal  to  that  of  the  plate 
of  crown  glass  in  Art  411,  electrified  to  such  a  degree  as  to  dis- 
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^Biargo  itself  when  the  knobs  of  a  Lnne's  electrometer  were  at 
^HDIIo  inchea  distance  ;  whenca  a.  person,  used  to  electrical  experi- 
ments, may  ascertain  its  strength  ".  Tho  way  I  tried  it  was  by 
holding  the  Lane's  electrometer  in  one  hand,  with  the  end  resting 
■  on  the  upper  surface  of  the  plate,  and  touching  the  lower  surface 
■  with  the  other  hand,  while  an  assistant  charged  the  plate  by  its 
[iOpper  side  till  it  discharged  itself  through  the  electrometer  and 
iny  body.  There  is,  however,  a  very  sensible  difference  between 
the  sensation  excited  by  a  small  jar  or  plate  of  glass  like  this,  and 
by  a  large  battery  electrified  so  weakly  that  the  shock  shall  be 
of  the  same  strength ;  the  former  being  sharper  and  more  dis- 
agreeable. Mr  Walsh  took  notice  of  this  difference ;  and  said, 
that  the  artificial  torpedo  produced  just  the  same  sensation  as  tho 
real  one. 

431]  Aa  it  appeared,  that  a  shock  of  this  strength  would 
through  a  few  intervals  of  the  links  of  the  chain,  I  tried  what 
a  smaller  would  do.  If  the  battery  was  charged  only  to  a  fourth 
or  fifth  part  of  its  usual  height,  the  shock  would  not  pass  through 
a  single  interval ;  but  then  it  was  veiy  weak,  even  when  received 
through  a  piece  of  brass  wire,  without  any  link  in  it.  This  chain 
was  quite  clean  and  very  little  tarnished  ;  the  lowest  link  was 
larger  than  the  rest,  and  weighed  about  eight  grains,  If  I  used 
chain  of  the  same  kind,  the  wire  of  which,  though  pretty  clean, 
grown  brown  by  being  exposed  to  the  air,  the  shock  would 
pass  through  a  single  interval,  with  the  battery  charged  to 
lut  one-third  or  one-half  its  usual  strength. 

432]     It  appears,  that  in  this   respect  the  artificial  torpedo 
not  completely  imitate  the  eft'ects  of  the  real  one,  though 
approaches  near  to  it ;  for  the  shock  of  the  former,  when  not 
inger  than  that  of  the  latter  frefjuently  is,  will  pass  through 
;r  or  five  intervals  of  the  links  of  a  chain  ;  whereas  the  real 
ledo  was  never  known  to  force  his  through  a  single  interval. 
I  think,  this  by  no  means  shews,  that  tho  phenomena  of  the 
irpedo  are  not  produced  by  electricity ;  but  only  that  the  batteiy 
used  is  not  largo  enough.     For  we  may  safely  conclude,  from  the 
leriments  mentioned  in  Arts.  402,  400, 407,  that  the  greater  the 
.ttery  is,  the  less  space  of  air,  or  the  fewer  links  of  a  chain,  will 
•  [Cluree  of  plata  =  «0O  inohea  of  elaetrioity  =  6207  oeaUmBtrea  ospnoity. 
ElecttoniotiTO  forco  =  a-S.     See  note  10.] 
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a  shock  of  a  given  strength  pass  across.  For  greater  certainty, 
however,  I  tried,  whether  if  the  whole  battery  and  a  single  row 
of  it  were  successively  charged  to  such  a  degree,  that  the  shock 
of  each  should  be  of  the  same  strength  when  received  through 
the  torpedo  in  the  usual  manner,  that  of  the  whole  battery  would 
be  unable  to  pass  through  so  many  links  of  a  chain  as  that  of  a 
single  row*.    In  order  to  which  I  made  the  following  machine^ . 

433]     GM,  Fig.  5,  is  a  piece  of  dry  wood ;  Ff,  Ee,  Dd,  Cc, 
Eb,  and  Aa,  are  pieces  of  brass  wire  fastened  to  it,  and  turned 

Fig.  5. 


up  at  bottom  into  the  form  of  a  hook,  on  which  is  hung  a 
small  brass  chain,  as  in  the  figure,  so  as  to  form  five  loops,  each 
loop  consisting  of  five  links;  the  part  O  is  covered  with  tinfoil, 
which  is  made  to  communicate  with  the  wire  Aa.  If  I  held  this 
piece  of  wood  in  one  hand,  with  my  thumb  on  either  of  the  wires 
Fff  Ee,  &c.  and  applied  the  part  O  to  one  surface  of  an  electric 
organ,  while  with  a  spoon,  held  in  the  other  hand,  I  touched  the 
opposite  surface,  I  received  a  shock,  provided  the  battery  was 
charged  high  enough,  the  electricity  passing  through  all  that  part 
of  the  chain  between  -4a,  and  my  thumb;  so  that  I  could  make 
the  shock  pass  through  more  or  fewer  loops,  according  to  which 
wire  my  thumb  was  placed  on ;  but  if  the  charge  was  too  weak 
to  force  a  passage  through  the  chain,  I  felt  no  shock,  as  the  wood 
was  too  dry  to  convey  any  sensible  quantity  of  electricity.  The 
event  of  the  experiment  was,  that  if  I  charged  the  whole  battery 
to  such  a  degree  that  the  shock  would  but  just  pass  through  two 
loops  of  the  machine,  and  then  charged  a  single  row  to  such  a 
degree  as  appeared,  on  trial,  just  suflBcient  to  give  a  shock  of  the 
same  strength  as  the  former,  it  passed  through  all  five  loops ; 
whether  it  would  have  passed  through  more  I  cannot  tell.  If, 
on  the  other  hand,  I  gave  such  a  charge  to  the  whole  battery,  and 
also  to  the  single  row,  as  was  just  sufficient  to  force  a  passage 

*  The  battery,  as  was  before  said,  was  divided  into  seven  rowt*,  each  of  which 
conld  be  nsed  separately, 
t  [Arts.  606,  607.] 
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tlirougli  two  loops  of  the  chain,  the  shock  with  the  wliole  battery 
was  much  stronger  than  tiiat  with  the  single  row, 

434]  It  mnst  be  observed,  that  in  the  foregoii^  laachine, 
each  loop  corsisted  of  the  same  numher  of  links,  and  the  links 
of  each  loop  were  stretched  by  the  same  weight ;  so  that  it  re- 
quired 110  niore  force  to  impel  the  electricity  through  one  loop 
than  another,  which  was  my  reason  for  using  this  machine  rather 
than  a  plain  chaiD.  Considerable  irregularities  occurred  in  trying 
the  above  experiments,  and  indeed  all  those  with  a  chain ;  for  it 
frequently  happened,  that  the  shock  would  not  pass  with  the  battery 
chained  to  a  certain  degree,  when  perhaps  a  minute  after,  it  woiild 
pass  with  not  more  than  three-fourths  of  the  charge.  The  irregu- 
larity, however,  was  not  .so  great  but  that,  I  think,  I  may  be 
certain  of  the  truth  of  the  foregoing  facts ;  especially  as  the  ex- 
periments were  repeated  several  times.  The  uncertainty  was  at 
least  as  great  in  the  experiments  with  Lane's  electrometer,  when 
I  the  knobs  were  brought  so  close  together,  as  is  necessary  in  ex- 
leriments  of  ihis  kind. 

435]    It  appears  therefore,  that  if  the  whole  battery,  and  a 

ingle  row  of  it,  are  both  charged  in  such  a  degree  as  to  give  a  shock 

F  the  same  strength,  the  shock  with  the  whole  battery  will  pass 

Itrough  fewer  loops  of  the  chain  than  that  with  the  single  row;  so 

lat,  I  think,  there  can  be  no  doubt,  but  that  if  the  battery  had 

ten  large  enough,  I  should  have  been  able  to  give  a  shock  of  the 

laual  strength,  which  yet  would  not  have  passed  through  a  single 

terval  of  the  links  of  a  chain. 

436]     On  the  whole,   I  think,   there   seems  nothing  in   the 

phenomena  of  the  torpedo  at  all  incompatible  with   electricity; 

but  to  make  a  compleat  imitation  of  them,  would  require  a  battery 

much  larger  than  mine.     It  may  be   asked,  where   can  such  a 

""jattery  be  placed  within  the  torpedo  ?     I  answer,  perhaps  it  is 

lot  necessary  that  there  should  be  anything  analogous  to  a  battery 

rithin  it.     The  case  is  this ;  it  appears,  that  the  quantity  of  elec- 

ric  fluid,  transferred  from  one  side  of  the  torpedo  to  the  other, 

pnst  be  extremely  great;  for  otherwise  it  could  not  give  a  shock, 

isidering  that  the  force  with  which  it  is  impelled  is  so  small 

aa  not  to  make  it  pass  through  any  sensible  space  of  air.     Now 

if  such  a  quantity  of  fluid  was  to  be  transferred  at  ouce  from  one 

__8ide  to  the  other,  the  force  with  which  it  would  endeavour  tn 
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escape  would  be  extremely  great,  and  sufficient  to  make  it  dart 
through  the  air  to  a  great  distance,  unless  there  was  something 
within  it  analogous  to  a  very  large  battery.  But  if  we  suppose, 
that  the  fluid  is  gradually  transferred  through  the  electrical  organs, 
from  one  side  to  the  other,  at  the  same  time  that  it  is  returning 
back  over  the  surface,  and  through  the  substance,  of  the  rest  of 
the  body;  so  that  the  quantity  of  fluid  on  either  side  is  during 
the  whole  time  very  little  greater  or  less  than  what  is  naturally 
contained  in  it;  then  it  is  possible,  that  a  very  great  quantity 
of  fluid  may  be  transferred  from  one  side  to  the  other,  and  yet 
the  force  with  which  it  is  impelled  be  not  sufficient  to  force  it 
through  a  single  interval  of  the  links  of  a  chain.  There  seems, 
however,  to  be  room  in  the  fish  for  a  battery  of  a  sufficient  size ; 
for  Mr  Hunter*  has  shewn,  that  each  of  the  prismatical  columns 
of  which  the  electrical  organ  is  composed,  is  divided  into  a  great 
number  of  partitions  by  fine  membranes,  the  thickness  of  each 
partition  being  about  the  150th  part  of  an  inch ;  but  the  thickness 
of  the  membranes  which  form  them  is,  as  he  informs  me,  much 
less.  The  bulk  of  the  two  organs  together  in  a  fish  lOJ  inches 
broad,  that  is,  of  the  same  size  as  the  artificial  torpedos,  seems 
to  be  about  24 J  cubic  inches ;  and  therefore  the  sum  of  the  areas 
of  all  the  partitions  is  about  3700  square  inches.  Now  3700 
square  inches  of  coated  glass  y^  of  an  inch  thick  will  receive  as 
much  electricity  as  30,500  square  inches  ,055  of  an  inch  thickf ; 
that  is,  305  times  as  much  as  the  plate  of  crown  glass  mentioned 
in  Art.  411,  or  about  2|  times  as  much  as  my  battery,  supposing 
both  to  be  electrified  by  the  same  conductor;  and  if  the  glass 
is  five  times  as  thin,  which  perhaps  is  not  thinner  than  the 
membranes  which  form  the  partitions,  it  will  contain  five  times  as 
much  electricity,  or  near  fourteen  times  as  [much  as]  my  battery. 

437]  It  was  found,  both  by  Dr  Williamson  {  and  by  a  com- 
mittee appointed  by  the  Philosophical  Society  of  Pensylvania, 
that  the  shock  of  the  Gymnotus  would  sometimes  pass  through  a 
chain,  though  they  never  perceived  any  light.     I  therefore  took 

♦  "Anatomical  observations  on  the  Torpedo.*'  By  John  Hunter,  FJft.S.  FhiU 
Tram,  lxiii.  (1773),  p.  486.    See  Art.  614. 

t  Vide  note  iu  p.  202. 

:;:  **  Experiments  and  Obsenrations  on  the  Gymnotus  Electricus,  or  Electrical 
Eel."  By  Hugh  Williamson,  M.D.  Communicated  by  John  Walsh,  Bsq.,  F.B.S. 
^hil.  Tram.  lxv.  (1776),  p.  94. 
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tlie  same  cliaiu  wliicb  I  useJ  in  the  foregoing  experiments,  con- 
sisting of  25  links,  and  suspended  it  by  its  extremities  from  the  ex- 
treme hooks  of  the  machine  described  in  Art.  433,  aud  applying  the 
end  of  the  machine  to  the  negative  side  of  the  battery,  touched  the 
positive  side  with  a  piece  of  metal  held  in  the  other  hand,  so  as 
to  receive  the  shock  through  the  chain  without  its  passing  through 
the  torpedo;  the  batteiy  being  charged  to  such  a  degree  that  the 
shock  was  cousiderably  stronger  than  what  I  usually  felt  in  the 
■foregoing  experiments.    I  found  that  if  the  chain  was  not  stretched 
f  an  additional  weight,  the  shock  did  not  pass  at  all :  If  it  was 
fcretclK'd   by  hanging  a  weight   of  seven  pennyweights  to   the 
RBiddle  link,  it  passed,  and  a  light  was  visible  between  some  of  the 
mks ;  but  if  fourteen  pennyweights  were  hung  on,   the   shock 
Bsed  without  my  being  able  to  perceive  the  least  light,  though 
ptlie  room  was  quite  dark;  the  experiment  being  tried  at  night, 
laiul  the  candle  removed  before  the  battery  was  discharged*.     It 
■  appears,   therefore,   that  if  in  the   experiments  made   by   these 
gentlemen  the  shock  never  passed,  except  when  the  chain  was 
somewhat  tense,  which  in  all  probability  was  the  case,  the  circum- 
Btance  of  their  not  having  perceived  any  light  is  by  no  means 
fepugnant  to  the  supposition   that   the   shock   is  produced    by 
lectricUyf. 
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l57  XlC-ST 


K^  12  I 

12  10  a  ffooii  deal  !&:««. 


12  M4  sefMT  ASeiT  T^ery  Ihde,  scarce  okmi^  t 

UT  wikedker  foshiTe  or  negstiTe. 


Toddaa  of  eist  and  west  plates  levcEsed.     PUi£s  loodied  hj  win 


10^  12  Seemed  %o  sepance  TatLa'   mem  An 

before  p^idre. 
12  10|  did  bai  j:i5:  sepcinte. 
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Wc«t  p!«e  East  ^  g^    j^  ^  ^ 

10|  Tiiu  p&stel>.>ard,  and   tin  foil,  eadi  IS 

inebt'S ;  se^ximted  a  little  and  equaDj 
negtitiTe.  With  paper  of  12  in<^ 
in  one  or  two  drst  trials  it  i»oTHftd  to 
separate  much  the  same.  Afterwinb 
it  did  not  separate  at  all,  owim  m 
WMS  supf*i.)sed,  to  its  being  too  drr  to 
conduct  well,  but  after  being  moist- 
ened it  seemed  to  separate  like  the 
rest. 


13J  The  same  things  being  tried,  the  ooriJ 

separated  more  than  before  and  wen 
positive,  and  I  believe  pretty  equdDf. 

*  [Probabfy  the  fizit  trials  of  the  apparatus  described  in  Axl  Mq. 


"i 


llont  and  heavy  electrometers. 

3rd  Night. 


4 


13  Separated  visibly,  I  guess  nbout  I  dia- 

1 1 J  Seemed  to  aepsrate  rather  less. 

1 1  j  Scarcely  septirated. 

paper  of  12  Separated  miicli  tiie  same  as  tin  of  13. 


f    Nearly  the  same  as 


^^..j  ^^  ™^v  ™  ."  first  experiment 
but  of  [tbe]  2  eeparated  rather  more. 


13i 


12 

111 


Nearly  the  same  as  in  first  e: 
SeeDied  as  if  it  vaa  rather  m 
with  12. 


.periment 


Sensibly  n 

From  tbe  two  other  nights'  experLmcnta  it  Reemed  as  if  the  positive 
battle  electrified  the  plates  sensibly  stronger  than  the  uegative  oae :  why 
there  was  not  tbe  same  diderence  this  night  X  cannot  tell. 

Phites  east  and  west.     Wires  atnught. 


441]  Two  pair  of  large  corks  were  made,  each  of  which  was  found 
to  sepamt«  with  the  same  force.  The  weight  of  one  pail'  of  them  was 
then  made  four  tiiues  as  great  by  the  Bd'lition  of  lead  to  them. 

The  quantity  of  eleotrifity  in  Si-J  made  vial  was  then  compared 
by  means  of  these  corks  with  that  of  a  gluss  plate  with  circular  coating 
2'4  inches  in  diamet«r  and  about  'OC  thick,  by  touching  tbe  glass  8  or  9 
times  tbe  electricity  was  reduced  from  strength  requisit*  to  make  heavy 
corks  se|)arate  to  that  requisite  to  moke  light  corks  separate,  or  was 
reduced  to  J,  therefore  the  viiil  should  contain  12  times  as  much  electri- 
<»ty  as.  tbe  glass  plate  and  wire  by  which  communicatioQ  was  made, 
which  was  about  13  inches  lung*. 


442]     Three  coated  platus  n 


made 


■059  U  int 
1-783 


TlucknesB         -Oeoai         < 

Diameter  of  coating         ...  TSi  17 

Therefore  squai-e  of  diameter  1 

of  coating  by  thickness,  or  t     54D3  542^  oa-HB 

computed  power  of  plate    ) 

Mean  54-34.     (D  is  cased  with  cement.) 

A  circular  coating  5'3!J  inches  diameter  was  made  to  thick  plate  in 
place  where  its  thickness  seemed  "178,  therefore  its  conijxited  jiower  is 
equal  to  the  sum  of  foregoing  tbnw  plates.  The  pi-oportiou  of  thickness 
to  diameter  is  nearly  Uie  aume. 


•  [Soe  Arts.  413,  t 
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Two  sliding  coated  plates  were  made  for  trying  the  foregoing,  the 
trial  plates  being  electrified  negatively,  the  others  positively. 

Breadth  of 


c 

D 

trial  plate. 
12 

separated  pos. 
rather  more. 

D 

13 

scarce  at  all. 

F 

12 

same  as  C. 

C 
C 

17 
16 

separate  neg. 
do. 

C 

15 

not  at  alL 

D 

16 

scarce  sensibly. 

D 

17 

about  as  much  as  C  at  16. 

F 

17 

about  as  much  as  C. 

Therefore  F  seems  to  contain  about  as  much  electricity  as  C,  and  D 


to  contain  about  ^^  more. 

443J     The  three  foi^egoing  plates 

Large  plate. 


placed  close  together 
placed  as  far  asunder  as  possible 
The  above  mentioned  large  plate 
[Art  442] 


23 
23 
23 
21 
20 
30 


separated  pos. 
a  trifle  more 
rather  less  than  No. 
same  as  No.  1. 
same  as  No.  2. 


No. 
1 
2 
3 


separated  a  very  little  neg. 

444]  Three  coated  plates  were  made  on  thick  plate  each  1*8  inches 
diameter,  the  mean  thickness  of  glass  being  supposed  *18,  therefore  the 
computed  power  of  all  three  together  =  54. 

All  3  plates  together 


WithC 


4 
5 

separated  pos. 
did  not  separate. 

11 
10 

sep.  neg. 

did  not  separate. 

12 
11 

sep.  neg. 
did  not 

4 
5 

sep.  neg. 
did  not. 

466.] 


N.B.     The  breadth  of  the  sliding  plate  is  not  known. 

445]     Small  sliding  plate  not  drawn  out  14  x    9*4. 

I-Arge  19  X  13. 

Globe  hung  on  silk  strings  negative. 

Sliding  plates  on  waxed  glass  positive. 

[Equivalent*.] 

Globe— plate  19  x  13 

14 

15 

16 
Globe— plate  14  x  10-4 

11-4 

12-4 

[This  column  gives  the  side  of  a  square  equivalent  to  the  trial  plate.   See  Art. 


did  not  separate 
doubtful 

15-7 
16-3 

separated  pos. 
seemed  ra^er  more 

16-9 
17-4 

separated  neg. 
doubtful 

12 
12-6 

did  not  separate 

13-2 

^^^^ 
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Rtnnga, 

[Equivalent.] 
Circlif— plate  ID  x  U        ilid  not  Kcparate            lfi-3 
15        did  rather  doubtful       lG-9 
IG        did  very  Uttle                17-4 
17        did  more                        18- 
Cii^-le— plate  14  X  12  7     did                                  13-3 
13-4     did  rather  doubtful       13-7 
14-4     did  not                           14-2» 

With  circle  1'8  inches  diameter  on  gloss  '18  thick  it  Beparated  a 
little  negatively  with  plate  19  x  19,  tmd  would  most  likely  not  separate 
ut  19x21  or  19x32  =  20  or  20i.  Therefore  quantity  of  electricity 
therein  moat  Ukely  is  to  tbtt  of  globe  aa  20-2  to  12-4  or  aa  10  :  6. 

446]  Thickness  of  double  plate  of  glass  at  centre  of  circle  =  '285. 
Ohiuiutir  of  coatings  1-75. 

Being  tried  againat  small  plate  not  drawn  out,  separated  considerably 
positive,  therefoni  quantity  of  electricity  therein  might  jierhaps  be  Ui 
timt  in  globe  aa  11  to  18,  and  therefore  its  actual  power  would  be  to  that 
of  thick  plate  as  6'()  to  18.  The  computed  power  is  to  that  of  thick 
plate  as  IU'8  to  16. 

A  coating  1'45  inches  diameter  was  made  on  thick  plate  where  the 
thickness  is  supposed  = -108,    therefore  computed  jxiwer  r:12'5.     Thia 
being  tried  against  sliding  plates  was  as  follows: 
Small  Largo 

Bliding     Eijuivalent.  eliding  Equivalent. 

plfttc,  plate. 

1  13'2         separated  negative  11      2      I  didnotsep.  I     IC'9 

t  13'7         separated  3        doubtful  17-4 

i  14-2         did  not  ||      4      |  separ.  pos,    |     18 

j  therefore  quantity  of  electricity  therein  soems  to  be  to  that  of  globe  as 

13-7  to  126,  or  17-4  to  16-3,  i/  w(  aa  14  to  13, 
I   therefore  actual  power  =  11'6 

In  thick ph.te  l-8diam.,^^V^=  !» 
■^  thickuess 

do.  145  8  1 

double  plate  614 

Trials  of  Wires. 

447]  The  wires  placed  horizoutally  and  parallel  to  each  other,  one 
L-ud  supported  by  silk,  the  other  by  wuxed  glass. 

The  trial  wire  consisted  of  iron  wii'es  -14  thick  sliding  on  each  other, 
supported  iu  [the]  same  manner. 

*  [The  diorges  of  Ibo  globe  and  the  olrclo  of  tO'4  inKbcs  uppenr  from  these 
nnmbcra  tu  be  aa  28'9  :  30-7.  Ttie  diameter  ol  tlie  Un  circle.  IH'6,  waa  prulinlily 
calinilated  from  tlieBc  enpurimeiits  wi  ILul  its  oliuige  miglit  be  giituU  to  that  of  the 
Ktab«.     The  correot  diumctci  nouU  bare  been  19  ioobes.] 


22'-  TZFEXZUETTE 


.    ^  dill  nciL. 


!Ir:i»>  'ff'irr  dn.  r-r  oir  i-r  ulcih*  fi^«inc&;tl  jiob. 

llL  diL  no;- 

i  did  iini. 

Tin  sani*.  virrr  c:  I'  iitciief  dii5i£iist. 

ITr  b?Ij.  pQb.  XHziitsr  doDfizniL 

Ir  did. 

I  f  dio- 

I  '•-'  did  iiLiu 

IVr  •Liit»5»t  t:  BiiciUiL  '-*-eiL    a'  if  triitl  virt-  regniivd  xo  lie  dnv 


IT  lt»s*  vTti  Tv;  ^wrrr^  at  !•■  iiidi«.  viitsnc*  I  fthoiLld  snppaw  iht 
i]vmiirlTT  oT  fJ VcTrii::T7"  zi.  tii-fte  liirt*  cue^  vitf  as  5»6.  tT  szid  Ti*. 

TLf  TriiJ  virt-  ii?^  drvvx  out  vue  TO  incLes.  Inxt  lihe  sBoa^i  p 


• 

*    • 

Tfrr  iitxle, 

• 

r^iljer  doubtfoL 
lia  not, 
•lid  not. 
r^rji.  poa.  Terr  linle, 

TLi*  saiuo  HI  o'?'  i::.:i??  /::>"L'ir..-f 

[iri:d  ^iiv"  :a    -J 

1> 

a -Ml  I 'if  III 

10. 

11 

I* 

did  not. 
did  not. 
did  not, 
dill  a  ;:ood  deal. 

W'iiv  4S  iuoLos  lontr.  iv^iuhed  Vy  eiid  of  touching  "w-ire. 

[trial  wire]  at     0  ilid  not. 

7  soj».  neg. 

20  did. 

1 8  did  not. 
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Same  wire  touched  by  middle  of  touching  wire. 


18 

doubtful. 

20 

did. 

9 

did  not. 

7 

doubtful. 

5  did. 

449]     From  tliese  experiments  the  quantity  of  electricity  in 

long  wire  touched  at  end       \  should  T  96 

middle  I    seem    I   94 

short  wires  36  dist.  [      to      1   96 

do.         18  —   J    be  as    I  87 

450]  Experiments  to  determine  whether  the  quant.  eL  in  the  large 
circle  was  the  same  whether  it  was  supported  on  waxed  glass*  or  on 
silk  strings,  the  trial  plates,  which  were  of  wood  covered  with  tinfoil 
being  supported  on  waxed  glass,  the  large  trial  plate  drawn  out  to  n 
inches  being  expressed  by  L-  7j,  the  small  ditto  by  S  — w. 

Large  circle  suppoii^ed  on  silk  strings. 

L  —  5  sep.  pes.  very  sensibly  if  I  staid  some  time  before  letting  down 

the  wires,  but  scarce  sensibly  if  I  did  not. 
L  -  4  seemed  to  separate,  but  leather  doubtful  if  I  staid,  but  Hot  if  I  did 

not. 
S  —  5  sep.  neg.  if  I  did  not  stay,  but  not  if  I  did. 
L  —  5   tried  again,  sep.  very  little  whether  I  staid  or  not. 

The  circle  supported  on  waxed  glass. 

L  -  5   sop.  very  little  whether  I  staid  or  not. 
8-5   Sep.  very  little  whether  I  staid  or  not. 

From  these  ex}>eriments  there  seems  no  reason  to  think  that  there  is 
any  sensible  difference  in  the  quantity  of  electricity  whether  the  circle 
is  su}) ported  on  silk  or  on  waxed  glass.  I  believe  the  air  was  mode- 
i-ately  but  not  very  dry  when  these  experiments  were  tried.  The  next 
experiment  was  made  the  same  night. 

451]  Experiment  to  determine  whether  quantity  of  electricity  in 
coated  glass  bears  the  same  proportion  to  that  in  a  non-electric  body 
whether  electrification  is  strong  or  weak  t. 

Two  pair  of  corks  were  made;  each  separated  with  rather  a  less 
degiee  of  electrification  than  those  used  in  former  experiments.  Some 
lead  was  then  added  to  those  of  ono  pair,  so  as  to  double  their  weight 

♦  [See  Art.  265.]  f  [See  Art.  366.] 
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and  consequently  to  make  them  require  2^  the  force  to  make  them 
separate. 

Tlie  plate  of  glass  used  was  the  double  plate  called  A  in  the  follow- 
ing experiments,  but  with  coating  1*78  inches  diameter. 

Tried  with  light  corks. 

L  —  3      sep.  a  little  pos. 
S  -  4r  as  much  neg. 

Tried  with  heavy  corks. 

L  —  2       separated  pos. 
S  —  5|    as  much  neg. 

If  these  experiments  could  be  depended  on  as  pei'fectlj  exact  the 
coated  plate  should  contain  ^th  part  more  electricity  in  proportion 
when  electrified  with  heavy  corks  than  with  light,  but  this  difference  is 
much  too  small  to  be  depended  on. 

452]  Comparison  of  two  tin  circles*  9 '3  inches  diameter  with  one 
of  18 '5,  the  tin  plates  supported  on  waxed  glass  and  touched  in  the 
same  manner  as  wires,  the  trial  plates  supported  on  silk  strings. 

The  two  circles  at  36  in.  distance. 


S-l 

S-2 

Sep.  very  little  neg. 
did  not 

Side  of  square  equivalent  to  trial  plate. 

11-26 

L-1 
L-i 

sep.  very  little 
doubtful 

15-03 

Large  circle  touched  by  middle  of  touching  wire. 


L  —  2         Sep.  very  little  pos. 
S  -  1 J       sep.  very  little  neg. 


15-57 
11-83 


Do.  circle  touched  by  extremity  of  touching  wire. 

S  -  3J       very  little  neg.  12*62 

L  -  4         very  little  pos.  16*64 

Small  plates  at  36  inches  distance  tried  again, 
sep.  very  little  with  L  —  1,  which  is  the  same  as  before. 

Small  plates  at  24  inches. 

S  -  7     very  little  pos.  equivalent  to     14-26. 
Do.  at  18  inches     S  -  5J  very  little  pos 13*55. 

453]     A  brass  wiret,  72  inches  long  and  *19  thick  was  then  tried, 
touched  by  middle  of  touching  wire. 

L  -  2    sep.  pos.  15*57 

S  -  2^  very  little  neg.     12*07 

♦  [Art.  273  and  notes  11  and  21.]  t  [Art.  279  ] 


455] 


TRIALS  OF  CHARGES. 


223 


454]     From  these  experiments  it  should  seem  as  if  el[ectricity]  ia 


Large  circle  touched  at  extremity 

at  middle 
Two  small  circles  at  36  inches 

do.  at  24 

do.  at  18 


were 
as 


rU-63 
13-55 
1315 
1226 

111-55 


If  the  two  circles  were  placed  at  the  same  distance  from  each  other 
in  the  same  manner  as  in  coated  plates,  and  were  electrified  by  wires 
touching  their  centers  perpendicularly,  the  quantity  of  electricity  should 
bo 

Large  circle     14-02 

Two  at  36       1315 

24       12-72 

18       12-28 

The  quant[ity  of]  el[ectricity]  in  the  wire  72  inches  long  and  -19  thick 
seems  to  be  nearly  equal  to  that  in  the  circle  of  18*5  inches.  Therefore 
if  we  sui)pose  quantity  of  electricity  in  a  cylinder  to  be  proportional  to 
its  length  divided  by  the  logarithm 


length        quantity  of  elec-  .,1.9/jp 
^     "thickness  '     tricity  in   cy- 

lenffth  linder    is     to 

of  3—  — y     that  in  globe  •4761totab.log.. 

^  thickness       ^^^^^  diame- 


of 


lencrth 


ter  =  length  of  .^259 


I  thickness       cylinder  as 


-oras^ 


-982 
l-096toNlog. 
1-211 


and  the  quantity  of  electricity  therein  is  to  that  in  a  circle  of  the  same 

diameter  as 


•6627 

-74       to  tab.  log.  or  as 

•8173 


1-526  (-* 

1-704  to  N.  log.  -^- 
1-882  (- 


455]     A  tnal  plate  for  Ley  den  vials  consisting  of  two  plates  with 
rosin  between. 


S  -  2i  Sep.  neg.  rather  doubtful 
L  -  1  pos.  rather  doubtful 

Double  plate  A,  computed  power  =  11-04. 


^1 


L  -  3  J  sep.  a  little  pos. 
S  -4 


a  little  neg. 


7^ 


Double  plate  B,  computed  power 

L  -  3  a  little  pos. 

8-4}  a  little  neg. 


=  11-L 


'71 


*  [Sec  note  12.] 
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Large  circle  on  silk  stringn. 

L  -  3^  a  little  pos.  « 

S  —  4i  a  little  neg. 


Globe  on  silk  stiings. 

L  ~  4^-  a  little  pos. 

S  -  4J  a  little  neg. 


H 


456]    Therefore  the  quant  el.  in  these  bodies  seems  as  folldws: 

Trial  plate     17| 

A  18-4 

B  18-3 

circle  1 8*6 

globe  18-8 

Diameter  of  the  globe  =12-1,  therefore  quantity  of  electricity  in 
globe  is  to  D*^  in  circle  of  same  diameter  as  1*56  to  1  *. 

457]  Two  trial  plates  were  made  on  a  piece  of  the  large  bit  of 
ground  glass,  one  2*37  inches  diameter  on  place  where  the  thickness 
=  1*80,  computed  power  =  31 '2;  the  other  2'57  inches  diameter  where 
thickness  =  1  -90,  computed  power  =  34*8. 

The  first  is  called  S  the  other  L. 

tThe  plates  of  ground  glass  E  and  F  were  each  coated  on  one  side 
with  a  circle  7*95  inches  diameter  communicating  with  coating  on  the 
other  side.  These  plates  were  kept  from  touching  by  three  bits  of 
sealing-wax.  When  the  coatings  were  kept  at  distance  '39  fix>m  each 
other  this  is  called  plate  of  air  *39  thick,  <S:c. 

A  piece  of  wire  of  the  same  thickness  as  the  other  was  made  to  slide 
thereon. 

When  the  plate  of  air  was  tried  against  trial-plate  S  with  wire  drawn 
out  12  inches  it  is  expressed 

plate  air  -  S  +  12     &c. 

Double  plates  A  and  B     S  +  29  J  sep.  a  little  pos. 

L  +  17     sep.  a  little  neg. 


plate  air  *343 

S  +0 

;l]+3 

did  not  sep. 
a  little  pas. 

plate  air  -39 

S  +  18 
L  +  3 

sep.  a  little  pos. 
Sep.  a  little  neg. 

same  plate  air 

L  +  38 
S  +  18 

sep.  pos.  IT 
did  same. 

( 


*  [See  Art.  653  and  Prefaco.]  Ark  841.] 
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ed  again  in  afternoon  of  tlie  same  day. 

A  and  B  S  +  27     aep.  ft  little  poa. 

plate  air  -39  8  +  19  do. 

A  and  B  S  +  29  do. 

A  and  B  L  +  15     sep.  a  little  neg, 

plate  air  -39  L  +  4  do. 

458]  The  mre  not  drown  out  ii  about  40  inches,  and  may  therefore 
contain  about  10  cyl.*  inc.  of  electricity,  id  est,  asi  much  electricity  as  ia 
flontaiued  in  circle  of  10  inches  diameter.  Quantity  of  electricity  in 
additional  wire  ia  aopposed  to  be  equal  to  its  length  [divided]  by  4-4. 

Both  the  trial  pliktea  together,  whoae  computed  power  -  6C,  is  equiva- 
lent to  2A  +  2B  +  80  iDches  of  wire  +  45  of  additional  wire,  id  t»t,  to 
73-4  +  20  +  10-1  =  103'5  inches  of  electiicity,  therefore  1  inch  of  com- 
pnted  power  in  the  glaaa  of  which  trial  plates  are  made  should  be 
equivalent  to  1-41  inches  of  electricity. 

By  the  experiment  marked  %  in  [407],  a  difference  of  computed 
power  in  the  trial  plates  =  3'6,  which  ia  equivalent  to  5-08  iiiclw*  of 
electricity,  was  equivalent  to  drawing  out  wire  20  inches,  which  is 
supposed  =  4'54  inches  of  lur,  which  is  as  near  an  agreement  aa  can  be 
expected. 

By  a  medium  of  the  experimenta,  the  plato  of  air  -30  thick  required 
wire  to  be  drawn  out  11^  inches  less  than  A  and  B,  the  different 
experiments  varying  from  9  to  14,  therefore  the  plate  of  air  contains  2-6 
inches  more  electricity  than  A  and  B,  id  eat,  it  contains  393  inches  of 
electricity.  The  plate  of  air  '343  seemed  by  1  experiment  to  contain 
42-7  of  electricity. 

Therefore  plate  of  air  '39  contains  4 '94  times  more  electricity  than  a 
circle  of  same  diameter,  therefore  quantity  of  electricity  therein  is  to 
that  in  circle  of  same  diameter  as  radius  to  thickness  x  2'06  or  quantity 
of  electricity  =  computed  power  x  '243. 

459]  Four  irregular  pieces  of  glass,  K,  0,  P,  Q,  were  coated  with 
circles.  The  thicknrisa,  specific  gravity  of  glass  and  diameter  of  circles 
are  marked  in  [Art,  370],  the  thickness  of  glatis  being  found  by  taking 
tlitckoeas  with  calipers  at  center  of  proposed  circle,  and  finding  a  part 
of  outside  of  tiame  thickness  and  measuring  that  part  by  Bird's  Instru- 
mentt;  the  computed  jiower  of  all  beingjast40.  The  experiments  were 
tried  with  sliding  wii'e  aa  former[ly]. 

Tried  with  large  trial  plate. 
N     .      2       +0       separated  constantly  neg. 
+  3       sep.  but  not  certain. 


doubtful. 

did  not. 

did  not. 

Sep. 

rather  doubtful. 

See  Art.  tiia.) 


1 
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Wnk  nan  ttU  plaML 

K 

-i-  9      aefiL  poa. 

4-6      didnoc 

Q 

-f-  0      aefiL  eoBadenfalr. 

O 

-f-  0      aefiL  conadenbiTy  but  noi  ■>  sodi  aa  Q. 

P 

^6       doubdbL 

-t-  9      aefiL  plainlr. 

Tlie  afternoon  wlm  tkeae  were  tried,  lijgraneter  cods  dooed  in 

about  20  aeeond 

k 

Tlietml 

plates  bong  inkrged,  tried  with  large  trial  platau 

P 

4.4S    donbtliiL 

-1.39        da 

-i>  24    Sep. 

4-38    doobtfoL 

O 

4-    0    very  little,  lather  donbtfoL 

Q 

4-    0    didnot  aep. 

N 

■i-  31     aqu  a  little. 

P 

-1-24    aepialittle. 

With  small  trial  plata 

P 

-1-28    didnol 

4-36      did. 

Q 

4-    0    separated  rather  mare. 

o 

4-    9    aep.  a  little. 

4- 18    Sep.  about  as  much  as  Q  at  0. 

N 

4-  28     aqu  a  little. 

These  expenmentB  were  tried  in  the  moming.     In  the  afternoon 

hjgrometer  corks  closed  in  abont  30  seconds. 

460]  The  plate  B  was  coated  with  a  circle  2*79  inches  diameter, 
computed  power  =  40,  and  the  plate  D  was  coated  with  a  drde  2*73, 
computed  power  =  46. 

A  piece  of  the  white  glass  was  also  coated  with  a  circle  2*85  in. 
diameter  where  the  thickness  was  *182,  computed  power  44*6. 

Thejr  were  tried  with  the  same  trial  plates. 

With  lai^e  trial  plate. 
D      4-    0  Sep.  neg. 

4-    3  very  little,  rather  doubtful 
B      +33  very  little. 
N      +21  very  little. 
D      4-    3  rather  doubtful. 

With  small  plate. 

B  +48  very  little. 

D  +15        do. 

N  +39        do. 

White  4-  32  sep.  a  little  pos. 

B  +48  did  not  quite  sep. 
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White  4-  18  licftrly  same  as  B. 

-<■  24  Sep.  »iippoai^l  iieiii'ly  same  as  Ul  tiiup, 

N      +27  aep.  very  tiltle. 

+  30  nearly  siime  or  ratliev  mui-e  lliim  W  at 

N       +14  sep.  a  little  aeg. 
\V     +  10 


w 

N 


h.  32 


(lu. 
do. 
do. 


461]     The  plate  A  waa  cwated 
computed  power  =  Sf  * 
f>nt  after  hai-dening, 
jHiti-d  power  =  2'5r 
|).  16  [Art.  457]. 


■ith  a  drcle  2'16  inchea  diameter, 

plate  of  rosin  also,  the  first  which  was  jiressoil 

18  coated  with  a  cii-cle  2'51,  thicknesa  '10:2,  oom- 

they  were  tried  with  the  trial  plates  described  in 


Tried  with  small  plate. 

RoMH 

+  19 

Sep. 

a  little  piw. 

A 

+  3C 

do. 

plates  A  &  B     +  3S 

<in. 

1 

Rosin 

+  16 

da 

J 

With  large  plate. 

Bosin 

+    0 

Sep 

A 

+  17 

eep 

a  little,  rather  uucertaiu. 

+  14 

aep. 

a  littla 

Douhle  plate 


h  15     do. 


402]  Hence  it  appears  that  A  cootaiiis  as  much  electricity  as  the 
two  doiibit!  plates.  Xlie  roain  plate  required  the  wire  to  be  diawn  owt 
18  inches  less  than  them,  therefore  rosin  plate  contains  40'7  inchea  of 
electricity,  and  therefore  quantity  of  electricity  therein  =  comp.  power  x  f . 

A  containfl  367  inches  of  electricitv,  and  thereforu  as  A  and  B  are  of 
the  same  kind  of  gla-iw,  the  quantity  of  electricity  in  them  =  computed 
power  ■!  1-62=  '21056,  and  B  contains  64'96  iacbes  of  electricity. 

The  whitish  glass  plate  required  the  wire  to  be  drawn  out  27  inches 
less  than  B,  Drequires  33  less  and  N  i-equires  14  Icsa,  P  requires  3  more 
than  N,  0  21  less,  and  Q  37  less  than  N,  tlierefore  W  contains  71-2  of 
electricity,  D  725,  N  682,  P  67  5,  O  73  and'Q  70'7. 


Therefore 

D  =  1'58 

2-973 

W=l-60 

2'787 

Quant  el.  in.  J 

B  =  1'62 

'2'U74 

P  =  1  -69         spe.  gra. 

2752 

comp.  power 

N  =  l-71          ' 

2-682 

0  =  ]83 

2-r.u 

Q==l-92 

2>504 

•  [ShmiUlbe61-7.] 

+  [So  in  M8.     See  note  to  Art.  46i.) 

;  [Tbu  -reiil  cliargefl"  lie 

power  iw  8  tiitiea  tht)  tme  tb) 

B.  so  thai  tbc  numbers  here  pveii  must  be  mii](iplied 

by  e/l'57  =  5'l'to  compwa 

lem  with  thane  given  in  Art.  870.    The  diametera 

ft  the  eontinga  m  those  eiper 

mritt^  ore  uot  Iho  aiune  oa  tL 

oaoLiAit.aTO  which  Bte 

Ukea  from  ArU.  GUH— 616  auJ  UT2.] 
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463J  EbqKiimentB  to  detomine  wbetlier  the  qoaiiiity  ot  dae- 
tridtj  m  coated  plates  bore  the  aame  proportioo  to  tbat  in  other  bodies 
whether  eL  was  weak  or  strcmgy  or  whether  it  was  poaitiTe  or  pegatiTe*. 

On  the  &de  of  corks  was  placed  plate  A  with  ciide  2  indies  in 
diameter,  containing  31  inches  of  electricitj.  On  the  other  side  there 
was  no  coated  plate,  bat  the  wire  was  drawn  oat  23  indies  and  made 
to  rest  at  farther  end  <m  the  sliding  wooden  plates:  The  heavj  oorks 
repaired  more  than  2*  the  force  to  make  them  separate  than  the  light 
oneiL 

With  light  corks    S-0    sep.  a  rerj  little  neg. 
heayj  8—5     sep.  a  little^ 

—  L  —  5^  sep.  a  little  pos. 

U^t  L-7  da 

Tried  with  the  osaal  corks. 

with  the  dectricity  neg.  L— 21  Bep.  a  little. 

pos.  L— 3*         da 
neg.  L  — 2|         da 

According  to  these  experiments  the  plate  shoald  seem  to  contain 
T~%\  ^^—ivw  —  TT^  V^^  more  dectridtj  in  proportion  when  dec- 

trified  by  heavy  corks  than  light,  and  aboat  ^^  more  when  decirified 
pes.  than  neg. 

464]  A  plate  *345  inches  thick  was  pressed  ont  of  exper.  rosin  and 
coated  with  circle  3*41  inches  diameter,  therefore  computed  power  s  33*7. 
This  was  compared  with  double  plate  £  by  help  of  the  sliding  coated 
plate  mentioned  in  [Art.  442]. 

Breadth  of  ooating  on  sliding  plate. 

Rosin  29  sep.  a  little  n^. 

—  22  sep.  a  little  pos. 

B  20  sep.  a  little  po8« 

26^  sep.  a  little  neg. 

51 
Therefore  the  plate  contains  18'3  x  ^^  =  20  inches  of  electricity  f. 

465]    Side  of  square  equivalent  to  trial  plate. 

Small  plate  0  =  1072 

drawn  out  to  1  =  11*26  .    ^ . 

2  =  11-80  ^'^^ 

3  =  12-35 

4  =  12-83 

5  =  13-31 

6  =  13-78  [  -48 

7  =  14-26 

8  =  14-74  J 
•  [Art.  855.] 

t  [This  would  make  the  speotfio  oapaoity  of  rosin  20  x  5-1/38*7  » 8.    The  aam« 
bars  in  Art.  488  make  it  8-8.] 


466] 


PLAN  OF  APPARATUS. 
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Large  plate 
drawn  out  to 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 


14-49 
1503 
15-57 
16-10 
16-64 
17-12 
17-60 
18-08 
18-56 
19-04 
19-52 
20-00 


•54 


» • 


48 


EXPEEIMENTS,    1772* 

[East] 


[North] 


[South] 


rm 


[West.   Scale  A] 

466]     Plan  of  usual  diBposition  of  vials  and  bodies  to  be  tried  Ac* 
drawn  in  the  true  proportion  and  shapet. 

8  is  the  trial  plate,  B  the  body  to  be  tried,  A  and  a  the  vials, 
xdM  and  rE  the  touching  wires. 

=  83  inches,    ^^^|  ==  27,  ^^  =  J}»   Na  =  24,     AC  =  10. 

Height  of  body  and  trial  plate  above  ground  »  4-2 

below  horizontal  bar  =  3-1^ 

All  the  wires  were  about  '07  thick. 

*  [This  is  the  heading  of  this  bundle  of  the  Journal,  though  the  dates  up  to 
Art.  475  helong  to  1771.] 
t  [See  Art.  2i0.] 
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EXPERIMENTS,   14  DEC.  1771. 


[467 


467]  Comparison  of  quantity  of  electricity  in  a  tin  plate  one  foot 
square,  according  to  the  different  situations  in  which  it  was  electrified. 
The  trial  plate  was  suspended  on  waxed  glass,  the  plate  to  be  tried 
on  silk  strings  *, 

Description  of  the  different  ways  in  which  it  was  tried. 

Fore  Observation — ^The  plate  horizontal  and  placed  as  in  figure,  the 
touching  wire  also  as  in  figure  but  extending  to  different  distances  upon 
the  plate  [called  2^  and  3"*  way  in  Art  266]. 

Bent  Wire— -the  same  as  former  except  that  the  touching  wire  was 
bent  into  the  shape  rTR,  the  distance  rR  remaining  as  before,  the  arch 
rTK  being  vertical  and  its  greatest  distance  from  the  straight  line  rR 
being  about  15  inches  [5"*  way]. 

Cross  Wire — ^The  same  except  that  the  touching  wire  rR  had  a 
cross  wire  Ee  placed  horizontally  fastened  on  within  3  inches  of  r, 
the  touching  wire  being  of  the  same  length  as  before,  and  £«  23  inches 
long.  The  touching  wire  was  made  to  extend  so  much  on  the  plate 
that  Ee  was  about  1  inch  distant  fi'om  the  edge  of  the  plate  [4*^  way]. 

Back  Obsci-vation — The  touching  wire  removed  into  the  sitoatioii 
sry,  the  wire  ^S  being  13  feet  5  inches  long  and  passing  nearly  perpen- 
dicularly over  B  and  at  the  height  of  3'.  7"  above  it  [6**^  way]. 

Plate  Vertical — The  plate  hanging  in  a  vertical  plane  nearly  pe^ 
pendicular  to  the  right  line  joining  it  and  the  viaL  The  touching  wire 
touched  it  about  the  middle  of  the  upper  side  [1*^  way]. 


468]     Sat.  Dec.  U  [1771].      Th.  53^     S.  H.  19.     C.  H.  +  7t. 


Back  observation.     Touching  wire  extends  4  inches. 


B  -  2    sep.  a  little  neg. 
l}j  very  little 

1  very  little,  rather  doubtful 
D     3  do. 

2  sep.  pos. 


Side  of 
equivalent      difiF. 
square. 

12-33 
1206 
11-78 

8-93 

8-45 


i  sum. 


I    2-85 


10-35 


Pore  observation.     Touching  wire  extends  9  inches  over. 

D  -  5    very  little,  rather  doubtful 

4    sep. 
B  -  3    sep.  a  little 

2  J-  very  little,  rather  doubtful 


2-75 


11-21 


•  [See  Exp.  xix.  Art.  265.] 

t  [Th.—FahreDheit*8  Thermometer :  8.  H.—Smeaton*8  Hygrometer.     See'De- 
icription  of  a  new  Hygrometer  by  John  Smeaton.*    Phil.  Tram,  1771,  p.  198. 
C.H.— Common  Hygrometer.] 


470] 


B1EA3URE3  OF   CONDCCTIVlTr. 


Fore  observation,  wire  extends  very  little  o 


Side  ol 

m. 

B  -  3   very  Uttle,  rather  doubtful 

12-85 : 

B  -  3"  Bsp.  a  little 

i3io; 

3-01 

D  -  5    very  Uttle,  rather  doubtful 

9-84 

4    »ep. 

9-39 1 

Touched  by  bent  wire  near  middle. 

I>~^  Bep.  a  little 

9-17  1 

4    very  little,  rather  doubtful 

9-39 'l 

B  -  3^  extremely  little 

13-10  iy 

3'46 

3    rather  doubtful 

12-85  i) 

I       Th.  65*.    Smeaton's  Hygrometer  18|,     Common  Hygrometer  -f  6. 

469]  Monday,  Dec.  16  [1771].  Triab  of  time  In  which  electricity 
of  stone  aquare,  &c.  was  destroyed. 

The  squares  were  supported  on  glass,  and  a  piece  of  tin  foil  about 
1|-  inch  square  fastened  ou  each  comer.  On  one  of  these  pieces  was 
fastened  a  wire  from  which  the  pith  halls  wei-e  suspended.  The  square 
was  then  electrified  by  applying  a  charged  vial,  and  then  a  wire  com- 
municating vrith  the  wall  was  applied  to  the  other  piece  of  tin  foil. 

With   slate        the  corks  closed  in  10" 
Porthind  15 

Bremen  8 

gummed  glass  B 

The  stones  had  been  kept  in  fore  room  for  several  days.  The  gummed 
glass  had  been  kept  in  fore  room  till  the  gum  he^^an  to  crack.  It  was 
then  kept  in  back  room  for  about  5  hours,  and  then  kept  in  fore  room 
about  Ih  hour. 


TL  54. 


S.  H.  22. 


0.  H.  + 14. 


Hygrometer  corks  closed  in  4',  The  glass  being  then  wiped  they 
closed  in  7'.  Being  then  suffered  to  stand  uncovered  for  2  or  3  hours, 
the  corks  closed  in  5'. 


Th.  54. 


S.  H.  204. 


C.H.  11. 


470]    Tuesday,  Deo.  17  [1771].     Th.  53.     S.  H.  20. 

Experiments  of  [Art.  468]  continued. 
Plate  vertical 


0-2  BBp.  a  little  pos. 
B  —  3i  do.  nee. 
D- 


dtO. 


.0-09  \) 
310  >  3-14 

9-84  I) 


Isnm. 
11-63 
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EXPEBIMEKTS,  18  DEC.  1771. 


[471 


Fore  obser\'atioQ.     Wire  extends  very  little  over. 

Side  square  eqaiy.  difL 
C  ~  2    sep.  a  little  pos. 
D  —  5  more 

B  —  4    sep.  a  little 

Fore  observation.     Wire  extending  9  inches  over. 

B-4  do.  13-34 

C-1  do.  9-56 


•09  ) 

•84  U-25 
•34  J 


10^09 
9 
13 


i  Bom. 
11-71 


3-78       11-45 


Bent  wire. 

C-    »          do. 
B-3i         do. 

9-28 
13-10 

3-82 

11-24 

Cross  wire. 

. 

B-2            do. 
D-2J         do. 

12-33 
8-69 

3-64 

10-61 

Back  observation. 

D-2^         do. 
B-2           do. 

8-69 
12-33 

3-64 

10-61 

TL  66. 

S.  H.  18|. 

C.F.  +  6. 

Plate  vertical 

Fore  obs.  at  exti-emity 

do.  wire  9  inches  over 

Bent  wire 

Cross  wire 

Back  obser\'ation 

This  night 

11-71-    -18 

-  -0 

-  -26 

-  -47 
-1-20 
-1-20 

1st  night 

11-34-     0 
-•13 
-•22 

-•99 

471]    Wednesday,  Dec  18  [1771].  Th.  60*.    S.  H.  17^.    C.  H.  +3. 
Trials  of  flat  plates  of  different  substances  about  1  foot  square*. 


Tin  plate 


Slate 


Portland  stone 


Bide  of 
eqniv.  square. 


diir.      I  Sam. 


-  2    sep.  about  ^  in. 


/C-3 
lB-6 


do. 

do. 
do. 


10 
13 


??}»■ 


73     11-95 


US    3"     12-20 


10-59)     «. 
14-29/    ^ 


70     12-44 


*  [Exp.  IT.  Art.  969.] 


\ 


h 

TWO  CIHCXE3. 

Bide  of 
eqaiv.  square 

dia. 
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^^^^mea  stone 

/B-6 
lc-3 

14-29) 
10-59/ 

3-70 

12-44 

P           GUsa  coated 

with  tinfoil 

{I'-l' 

9-96\ 
13-82) 

3-8G 

11-89 

Pasteboard 

{tn 

13-94) 
9-96/ 

3-98 

11-95 

Glass  coBted  with 

salt  and  gum-water 

fO-2 
tB-6 

10-09) 
13-82/ 

3-73 

11-95 

Do.  with  charcoal 
powder 

fB-5 
lc-2 

13-82) 
10-09/ 

3-73 

11-95 

Hollow  tin 

(0-2} 
\B-6i 

10-22) 
13-94/ 

3-72 

12-08 

Tin  plate 
same  as  first  tried 

/B-5 
to -If 

13-82) 
9-90/ 

3-86 

11-89 

TL  50».  S.  H.  17.  O.H. +2^. 

The  Bubject  la  continued  in  Art.  480. 

472]  Comparison  of  two  tin  circles  9-3  inches  in  diameter  with  one 
of  18-5  ;  the  two  circles  being  placed  in  vertical  planes  parallel  to  each 
other  and  perpendicular  to  the  vertical  plane  joining  their  centers 
nnd  the  trial  plate,  their  centers  being  both  in  the  above-mentioned 
plane*. 

There  was  a  distinct  touching  wire  to  each  plate  meetiug  each 
other  at  E,  the  two  wires  wore  kept  asunder  by  a  slender  glass  tube, 
aud  about  1  inch  of  the  end  of  the  wires  bent  at  right  angles  horizon- 
tally in  order  to  touch  the  plates  by  being  let  fall  on  their  edges.  When 
the  large  circle  was  tried,  this  double  touching  wire  was  removed  and 
a  single  one  used  in  its  room,  which  was  aonietimes  fastened  to  tho 
middle  of  the  glass  tube,  and  sometimes  used  without  it,  aa  will  bo 
expressed, 

[         The  height  of  the  top  of  the  cii-clCifl  above  floor  =  4'.  3". 

The  center  of  the  large  circle  when  that  was  used,  or  the  middle 
point  between  the  centers  of  the  two  small  circles  when  thoy  were  used, 

/8'.  10")    -         /via!  1 

was  |j._   3„j.  trom  ^^^^^^  ^f  ^^^  ^^^^^j. 

The  circles  were  suspended  by  silk  strings.  The  length  of  the 
touching  wires  for  the  circles  was  36  inches. 

_  •  [E»p.  1.,  Art.  273.) 
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EXPERIMEKT8,  30  DEC.  1771. 


[473 


473]    Monday  Dec.  30  [1771].    Th.  50".    8.  H.  18. 

Two  small  drclee  at  18  inches  from  each  other. 

diff.        ^  Bum*     PiopottioiL 


EquiTalent. 
B-5    sep.  abont^         13-82) 
C-2J        do.  10-35/ 


3-47      12-08        1-000 


The  same  at  26  inches  distance. 

C-4  do. 

da 


B-6J 


11-071 
14-51J 


3-44      12-79        1-059 


at  36  distance. 


C-  4i 
B-  i 
A-14^ 


da 
do. 
da 


11-31 
11-37 
15-42 


4-08      13-38        1108 


Large  circle,  touching  wire  being  fsistened  to  glass  taba 

da  12-85 


A-17i 


B-   3 

Do.  without  glass. 

B-   3 

A-17i 


1-233 


12-85 
16-94 


4-09      14-89        1-233 


fol- 


The  Proportion  by  theory,  vide  P.  14  of  calculations*,  are  as 
low8-(". 

Calenlation.  Experiment 

Small  circles  at  1 8            1  -000  1  000 

at  26             1044  1-059 

at  36             1-074  1108 

single  plate            1160  1-233 


474]  The  same  experiments  repeated  in  the  same  manner  excspt 
that  the  diistanoe  of  the  center  of  the  large  circle,  or  of  the  middle  point 
between  the  centers  of  the  small  ones  was  5\  3'^  from  the  vial,  and  the 
middle  point  of  the  trial  plate  8'.  2"  from  vial,  and  that  some  boardi 
forming  a  floor  about  4  or  5  feet  square  was  placed  under  the  circles 
14  inches  from  the  ground,  and  that  a  perpendicular  bar  of  the  same 
breadth  as  those  of  the  frame  was  placed  5  inches  nearer  to  the  circles 
than  the  other,  so  that  the  distance  of  the  center  of  the  large  circle 
from  the  vial  and  the  ground,  and  also  the  distance  of  the  nearest  small 

*  ['<  P.  14  of  Calculations  "  refers  to  a  rough  calculation  in  parcel  No.  6,  whith 
is  an  early  form  of  Props.  XXIX.  and  XXX.  See  Arts.  140—143.  "  P.  14  "  con- 
tains  the  following  remark,  which  fixes  its  date  after  Art.  456,  '*  By  exp.  P.  15 
[Art.  456]  quant,  el.  in  circle  is  to  that  in  globe  of  same  diam.  as  1 : 1-56  ::  | :  *78; 

therefore  |;^=>  -78.*'    Here  n  is  the  reciprooal  of  p  in  Ari  140.] 

t  [See  Art.  681  and  Notes  11  and  21,] 


477]  TWO  WIRES.  235 

circle  from  the  perpendicular  bar  when  they  were  placed  at  36  inches 
distance,  were  diminished  in  about  the  ratio  of  2  to  3*. 

475]    Tu.  Dec.  31  [1771].     TK  5V.     S.  H.  18. 

Small  circles  at  18  inches  distance. 

Proportion. 

12-68         1-000 


B  —  6      Sep. 
C-4      do. 

14-29 
11-07 

3-22 

Do.  at  26. 

B  -    ^    Sep. 
B  -  8       do. 

11-51 
15-17 

3-66 

Do.  at  36. 

B-   2     do. 
A-15| 

12-33 

16-07 

3-74 

Etrge  circle  with  glass. 

A-18J 
B-   5 

17-64 
13-82 

3-72 

Do.  without  glass. 

B-   5| 

A-20 

14-06 
18-11 

4-05 

Th.  53. 

S. 

H.  15i. 

13-34        1052 


14-20        1-120 


15-68        1-237 


1608        1-268 


476]  Comparison  of  2  wires  3  feet  long  and  ^  inch  in  diameter 
-with  1  of  6  feet  long  and  -185  in  diametert. 

The  wires  were  placed  parallel  to  each  other^  horizontal  and  per- 
pendicular to  the  horizontal  bar.  They  were  touched  almost  close  to 
one  extremity  by  the  same  wires  and  in  the  same  manner  as  the  circles 
in  the  former  experiment. 

That  end  of  the  wires  near  the  part  which  was  touched  was  sus- 
pended by  silk,  the  other  end  was  supported  on  waxed  glass.  The 
distances  were  the  same  as  in  [Art.  472]. 

477]    Fr.  Jan.  3  (1772).     Th.  50«.    S.  H.  19f    C.  H.  +  2. 
Short  wires  at  18  inches  distance.  Proportion. 

BiJdT  \l?7        *10        13-12  -847 

at  24. 
I'-U^  llVs        3-64        13-33  -860 

•  [Art.  276.]  f  [Exp.  ▼!.,  Artfl.  279  and  688.] 
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Sliort  wires  «t  36  indfteB  ^stanoeL 


tz^n  \l^    »-88    "^      -JKw 


Single  wire  without  ^ass. 

B-   SI  sepi  1310  .^-,  ,«-^ 

A-19idr  17-89  *'^^  ^^"^ 

A-19    aep-less  17-66  -  ,«  •p,,,^         ^'OO® 

B-  4       di>  13  34  ^'^^  ^^'^^ 

Two  wires  at  18,  repeated. 

C-  4    sepi  .11-07         .«.        ,,-,-  ^_. 

Th.  5y.        &  H.  la        0.  H.  4J. 

Bj  theoiy  [Art  152^  the  proportioiia  should  be  between  those  of 

1  -9323        -9053        -8827 

and  1  -8926        -8597        -8353 

478]    CkHnpariaoiiof  different  sabgtancea  tried  in  the  nanml  myitii** 
The  large  tin  circle  suspended  by  silk. 

B-   4f  sep. 

B-  3    sep.  about  ^       13-88         .^^        ,--.- 

A- 191      do.         "^       17-89        **®^        "-85  [1] 

B-  5        da 

The  globe  suspended  on  silk. 

B-  5      da  13-83         ,^^        .^^^ 

A-IH    da  17-89        ^^^^        ^^'S*  P] 

Coated  double  glass  plate  At. 

A -20      da  1811         .^-         ,^^^ 

B-   5^    da  1406        ^^^S        16-08  [3] 

Double  plate  B. 

^  -   ^     da  13-82         ,  «^         ,  ^  ^^ 

A -20    da  1811        ^'29        15-96  [4] 

The  large  circle  supported  on  waxed  glass. 

-^-21  18-56         ,^.         ,^^« 

B-   6^  14-51        ^'^^        l^'^S  [5] 

A  tin  plate  15*5  square,  on  do.  { 

^-   ^  13-82         ,„^         ,,,^  I 

A- 20  1811        ^'^^        1^-96  [6]     , 

*  [See  Arts.  653,  654,  682.] 

t  DouMe  plate  grcmnd  glasf  A.  thioknoM  -8,  diam,  coating  1  -82,  comp.  poww  U«Oi 
B* 81    1-856, ii-i. 


479]  TRIALS   OF    CHABGES. 

A  tin  plate  IT'S  by  13-4,  on  do. 


B-   6i                             1406        *™        "'"' 

[.Irl.l 
[?1 

lZ,l                              I'sll        =83        UM 

[8] 

A  tin  cylinder  54-2  long  and  -73  in  diameter,  on  do. 

A-19J                             17-89         .  n,        ,,0^ 
B-  b"                             13-82        *■"        1'*'' 

[9] 

Braes  vire  72  iochea  long  and  -185  in  diameter,  on  do. 

^-  *i                          "'**        4-(18        ivej 
A-19                               17-66        *"        '°»^ 

[10] 

479]  According  to  the  5*^  and  6"*  article  of  last  pogo,  the  quantity 
f  electricity  in  the  square  is  to  tliat  in  a  circle  of  the  naue  area  as  1-08 
I  1,  and  that  in  square  to  that  in  oblong  of  the  same  area  as  -991  to  1. 

By  comparing  the  2°'  article  with  the  3  last,  the  quantity  of  elec- 
(thiok  cylinder 
icity  in  1  thin  cylinder    may  be  to  that  ia  a  globe  whose  diameter 

,l8  the  length  of  ^^^^  as    -902  to  N.  log  J?'^  ,  or  1-118 
wire  ,gg3  thicknesB  i-jy^ 

(  K.  L.  T.  '^•'^-  ,  or  as  1  -271  to  N.  L.  ^.t-^es  kngth  _ 
tbicknees  1-;J18  thickness 

Therefore,  if  we  BUjipose  that  the  real  quantity  of  electricity  in  any 
rliuder  ia  to  that  iu  the  g^lobo  whose  diameter  equals  the  length  of  the 

rUoder  »  U  I-  N.  L.  ^«"',  or  „  -4964  to  lab.  log^'*'', 

'  ^  thickness  **  thickness 

,  will  agree  very  well  both  with  theory  and  expeiiment 

Or  by  comparing  this  with  the  first  article,  the  quantity  of  elec- 
tricity ia  any  cylinder  is  to  that  in  a  circle  whose  diameter  is  eqoal  to 

the  length  of  the  cylinder  aa  -759  to  tab.  log    .  .  .  " — ■, 

Comparative  cJiargva  o/bodies  trifd  in  tite  farmer  experijnerd. 

By  means  of  this  experiment  and  that  of  1771.  [Arts.  455,  4.^6.] 
If  the  charge  of  the  globe  ia  called  1,  that  of  the  circle  will  he  -992. 
therefore,  by  comparing  6**  and  7"  ai-ticles  wiih  5*  the  charg<-a  of  thu 
ii<|iiai-e  and  oblong  will  be  *957  and  -ilti5. 
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Bj  oompAiing  aria.  1  and  5,  the  charge  of  circle  on  waxed  f^atf 
greater  than  on  silk  strings  in  ratio  1  -042  to  1,  and  therefore  if  chai^ 
cylinders  and  wire  on  waxed  glass  are  supposed  greater  than  on  stri 
in  the  ratio  '1*021  to  1,*  the  charges  of  thidc  cylinder,  thin  cylinder  i 
wire  will  be 

1-028      -980  and  -966. 

480]     Sat  Jan.  .     Th.  53*.     a  H.  23.     C.  H.  11|. 

Comparison  of  different  snbstances  tried  in  the  usual  wayf  exc 
that  in  the  first  experiment  the  toudiing  wire  rK  and  the  wire 
were  of  brass  '185  thick. 

Hn  plate  with  thick  touching  wire. 

C  —  1  9*56         „.-,Q         n.i.5 

The  oame  plate  with  the  common  touching  wirei 
B-4  13-34 


C-IJ  9-83 


3-51         11-58 


Hollow  tin  plate,  1-01  thick. 

Sill  U-ol        »•"        12-20 

Glass  covered  with  thick  ooat  of  tinfoiL 

B-4i  13-58        o.iQ        n.oo 

C-2  1009        ^^^        ^^^^ 


^Thin  coat  of  do. 

C  -  1  9-56 

B-4  13-34 


3-78         11-45 


gold  leaf 

^"^^  13-58         o./'Q         n.77 

C-IJ  9-96  ^"        ^^ '' 


gum. 

C-2  1009 

B-5J  14-06 

—Water  with  a  little  gum. 


3-97         1207 


B-4^  13-58 

1 

7 


Clfl  9-83        375        11-70 


Tlie  same  tin  plate  as  before. 

^"^  ^^'^^         3-97         1207 

B-5^  1406         ^^^         ^^^' 

Th.  65»-6.        S.  H.  22-5.        C.  H.  10. 

*  [The  (flinders  and  wire  were  supported  on  waxed  glass  at  one  end  onlly.] 

t  [Exp.  IV.  Art.  2G9.] 
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481]    Result  of  this  and  Art.  471.    [Same  as  Table,  Arts.  269,  270.] 

Trials  op  Leyden  Vials. 

482]     The  plates  from  Naime  made  out  of  the  same  piece  of  glass 
ivere  coated  with  circles  of  tinfoil  as  below*. 


Diameter 

Computed 

Plates. 

Thickness. 

of  coating. 

power. 

D 

•2057 

216 

22-74 

E 

•2065 

2-16 

22-60 

F 

•2115 

2-19 

22-68 

G 

•2022 

214 

22-65 

H 

•07556 

6-79 

610-2 

I 

•07797 

2-299 

67-78 

K 

•07712 

2-286 

67-78 

L 

•08205 

2-358 

67-75 

M 

•07187 

2-207 

67-78 

A 

•2112 

6-55 

203-1 

B 

•2132 

6-586 

203-4 

C 

•2065 

6-482 

203-4 

A  .  2-123 

The  old  ground  glass  plates  -d  were  coated  with  tinfoil  0.07    square, 

27-8 
computed  power  oi.gg ,  to  be  used  as  trial  plates. 

483]     Friday,  Jan.  .     TL  52«.     a  H.  15.     C.  H.  -  9. 

The  plates  D,  E,  F,  G  of  Naime  were  compared  with  the  double 
plates  A  and  B  by  means  of  the  trial  plates  A  and  B  and  an  additional 
"wire  sliding  on  the  electrifying  wire  Miu. 

The  ±r^i^      of  the  wire  Mm  is  .ig  inches,  the  additional  wire  is 

of  the  same  thickness.    The  wire  Bb  is  9^  inches  long. 

Plates    Additional   Trial 
tried. 

2  double 
plates 

D 
E 


wire. 

plate. 

15 

A 

Sep.  near  1  diam.  closed  soon.    Called  I''  way. 

18 

A 

rather  more,  closed  soon,                     2"*  way. 

3 

6 
15 
15 

6 

B 
B 
A 
A 
B 

Sep.  1  diam.  closed  much  slower,        3*^  way. 

3"*  way. 

2"**  way. 

2"*  way. 

3"> 

3 

B 

3nl 

18 

A 

2iui 

18 

A 

2iui 

6 

B 

3id 

G 


*  [See  Art.  815.  The  computed  power  as  given  in  this  part  of  the  Jonmal 
is  the  sqoare  of  the  diameter  divided  by  the  thickness,  which  48  eight  times  the 
compnted  power  (m  defined  in  Art.  811,  and  calculated  in  Art.  815.] 
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Plates    Additional    Trial 


tried. 

Double 
plates 
D 
E 
F 
G 
G 
G 
G 
F 
E 
D 
D 
Double 
plates 


wire. 


6 

6 

6 

6 

0 

12 

18 

18 

18 

18 

12 


plate. 
B 


15 


sep.  full  1  diam.  did  not  close  soon. 

da 

du. 

da 

do. 

seemed  more,  but  not  quite  certain. 

seemed  pretty  certainly  les& 

sep.  about  1  diam.  closed  faster. 

da 

do. 

da 

sep.  but  certainly  les& 

sep.  about  1  diameter*. 


484]  Two  of  the  old  ground  glass  plates  H,  I,  K,  L  of  Narembeif 
glassty  were  coated  witli  oblong  squares  to  serve  for  trial  plates  to  tiM 
plates  I,  K,  L,  M  of  Naime,  but  the  observations  were  found  to  be 
so  irregular  that  nothing  could  be  made  of  them,  owing,  as  was  sup- 
posed, to  the  spreading  of  the  electricity  on  the  sur&ce  of  the  gIaB& 

To  prevent  this,  all  the  four  plates  H,  I,  K  and  L  were  coated  wiA 
oblong  squares,  and  cased  in  cement  composed  of  2  parts  rosin,  1  of 
bees'  wax,  and  3  of  brick  dustt. 

In  making  it  the  bees'  wax  was  first  melted  and  imperfectly  dephl^- 
mated,  the  rosin  was  then  added  and  melted  with  as  little  heat  as 
possible,  and  then  the  brick  dust,  ]>reviously  heated  so  as  to  be  ^'eir 
dry,  was  added.  By  this  means  the  cement  is  more  safe  and  stickr 
than  if  more  heat  is  used  in  making  it  In  some  of  the  mixtures  also 
a  small  part  of  the  rosin,  never  exceeding  i^  of  the  whole,  was  ex- 
changed for  as  much  pitch,  which  was  added  after  the  i-est  was  melted 
and  mixoiL 

The  plates  E,  F,  G,  and  I,  K,  L  of  Naime  were  cased  in  the  same  Jl 

cement,  about  'liij  thick. 

A  plate  of  the  sjime  cement  was  also  cast  by  pouring  it  out  on  a 
tin  plate.     This  was  coated  with  circles  about  2*2  in  diameter. 

4S5]  The  spreading  of  the  elei*tricity  on  the  surface  of  the  trial 
plates  seemetl  not  to  he  pi-evonted  by  casing  them  in  cement,  for  putting 
the  plate  L  of  Nairne  on  the  positive  side,  and  the  trial  plate  H  on  the 
negative,  then  if  the  apparatus  was  let  down  and  drawn  up  agaui  ira- 
niediately*  the  pith  balls  sepanxted  about  half  an  inch  negatively,  but 
if  the  ap]»aratus  was  sutfonHl  to  rest  at  the  bottom  about  half  a  niiuute, 
pnd  then  drawn  up  iuiinodiatoly,  they  sc|)arated  considerably  more  than 
1  inch,  and  if  it  was  suflereii  to  rest  at  the  bottom  but  a  veiy  short  time, 


[See  Art.  655.] 


t  [St^  Art.  303] 


:  [See  Art.  JUG.] 


I 
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iiiul  tlien  kept  mid  way  for  J  minnte,  and  then  drawn  wp,  the  bdla  at 
iiret  separated  positively  but  closed  very  soon,  and  after  a  long  time 
separated  negatively. 

If  a  sliding  plate  contaioing  about  ^  part  of  tlie  electricity  in  the 
jilate  L  was  put  on  the  positive  Hide  aa  an  additional  plate,  and  the  ap- 
[liiratua  was  let  down  and  drawn  up  immediately,  the  balls  separated 
aliout  I  diameter  negatively,  but  if  it  rested  nt  the  bottom  i  a  minute 
Hud  waa  tlien  drawn  up  immediately  they  separated  about  1  inch  nega- 
tively. 

486]  In  order  to  see  bow  fast  the  electricity  spread  on  the  surface 
of  the  glaaa,  the  heavy  paper  cjlindei-a*  were  placed  in  the  usual  place, 
and  the  light  ones  on  tlie  wire  Bb,  the  wires  Gff  and  Ffyiere  detached 
from  Cc  and  i-ested  at  bottom,  and  a  coated  ])late  on  the  positive  side. 
The  wire  Cc  was  siitfered  to  rest  on  Aa  and  Bb  while  the  jars  were 
charging,  and  the  wire  V  drawn  up  bo  as  not  to  rest  on  the  coat«d 
plate  t. 

Wlien  the  heavy  cylindera,  and  a  fortiori  the  light  ones  separated, 
the  wire  V  was  let  down  on  the  plate  and  the  wire  Ce  immediately 
drawn  up,  and  the  time  elapsed  till  the  closing  of  the  light  cyliuders 
counted,  which  waa  as  follows  : 

D)       ofNairnenot        20"  ||  L  reversed      60" 

M|  inclosed  in  cement.  35     i  Trial  plale  H    7 

M  reversed 

23     I  L      of  N^.  in  cement 


I 


of  Nairne  all  ' 
inclosed  in  - '. 


reversed 


'  D"  reversed 


487]  Another  way  was  taken  to  try  the  same  thing,  namely,  the 
wire  /y  was  taken  oJF  and  Gg  placed  so  as  to  lye  below  the  wire  Dd 
tind  to  be  drawn  up  against  it  by  a  string.  The  couted  plate  to  be  tried 
was  placed  on  the  negative  side,  the  Avire  S  touching  its  bottom  coating. 
The  jai's  were  then  charged,  the  wire  Ce  resting  all  the  while  on  Aa 
and  Bb,  and  Gg  drawn  against  Dd,  and  j3  drawn  up  so  as  not  to  rest 
on  the  jilate.  When  the  jars  wei-e  sufficiently  chargt-d  ^  was  let  down 
on  the  plate,  and  the  wii'e  Gg  dropt  immediately  after,  so  as  to  take 
away  the  commnuieation  between  Z)d  and  the  ground,  so  that  the  pith 
balls  which  were  hung  to  Jj  shewed  whether  much  electricity  passed 
round  to  under  side  of  plate  or  spread  on  the  sui-faee. 


nbout  ^^  of  an  inch  negatively  by  the  repulsi 


Coated 

Bnllii  dof  cd 

Sepnratpd 

plltea. 

again  in 

D    ofNairue 
not  in  cement 

j      .r„,.r 

30" 

in  X  ap]«irated  about  /„ 

E   of  Nftirne 

25" 

2'.  .10" 

iu  4'  spparuted  about  j*n 
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Ck)ated  Balls  closed       Boparated 

plates.  in  seconds.         again  in 

K    ofNaime     )         «k 

in  cement     j 
L  10        did  not  separate  again  in  several  minute 

Double)   A  15  1M5" 

plates  I    B  10  1'.  30" 

^      closed  almost  instantly,  separated  again  in  about  10". 

488]  Three  sliding  coated  plates  were  made,  each  covered  all  OTer 
with  tinfoil  on  one  side,  with  a  slip  of  tinfoil  1  '8  by  '9  in.  on  the  other. 
Two  flat  pieces  of  brass  were  also  pre^wired,  one  1  '8  by  '9  and  the  other 
1*8  square. 

The  tinfoil  was  divided  in  breadth  into  6  eqnal  partB,  and  the 
breadth  of  the  coated  sui-facc  is  expressed  in  those  diviBious  or  in 
G***  parts  of  the  breadth*. 

The  fii'st  plate  was  one  of  exi>er.  rosin  '345  thick. 

The  2"**,  2  plates  of  glass  with  rosin  between. 

The  3"^  a  bit  of  the  large  piece  of  whitish  plate  glass. 

The  rosin  sliding;  plate  when  the  breadth  of  coatinsr  =  24) 

as  much  electricity  as  the  double  plate  A. 

Tlie  3"^  sliding  ]>late  when  its  breadth  slO|  contains  as  much  ele^ 
tricity  as  plate  F  of  Nairnc. 

1 


Therefore   1   division   on 


•J -J"**  sliding  plate  contains    -/ 
(3'^  JL 


IO5 


of  the 


electricity  in  plate  D,  E,  F,  or  G  of  Naime. 

7  inches  of  additional  wire  answers  to  1  inch  of  computed  jwwer  in 
plates  of  Nairno. 

2  trial  ]>latcR  were  ma-le  for  the  plates  I,  K,  L  and  M  of  Nainie 
out  of  2  of  the  ground  plates  fii*st  got  from  Naime.  The  dimeusious 
of  the  coating  of  the  small  one  was  about  3*3  by  3*1,  and  that  of  the 
large  one  37  by  3-4,  the  thickness  of  glass  unknown. 

Two  trial  i)lates  W(M"e  also  made  for  the  plates  A,  B  and  C  of  Nairne  | 
out  of  the  old  ground  plates  E  and  F.     F,  tlie  smallest,  was  5*7  square, 
and  E  was  (r3  by  0  nearlv. 

T>**o  trial  jHates  were  made  of  crown  glass  for  the  plate  H  of  Naime. 
the  small  one  5-7  by  T)'!,  the  other  C  by  5'i). 

489]     Tuesday,  Feb.  4  [1772].     Th.  47^     S.  H.  17.     C.  H.  -5. 

Trial  of  plat^^s  D,  E,  F  and  G  of  Nairne,  and  of  the  2  double  plates, 
the  |)lates  E,  F  and  G  being  cased  with  cement :  tried  by  means  of 
additional  wiret. 


[Sec  Art.  207.]  +  [Art.  318.] 


I 
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Plates 
tried. 


D 


Length  of 

additional 

wire. 


Trial 
plate. 


B 


G 

0 

B 

F 

0 

B 

G 

2 

B 

2  double) 
plates  j 

9 

B 

D 

9 

B 

D 

16 

A 

2  double) 
plates  J 

18 

A 

G 

9 

A 

F 

7 

A 

G 

7 

A 

2  double 
plates 

19 

A 

If  let  down  and  up  immediately, 
Sep.  ncg.  about  -^  inch.  If 
it  rested  at  bottom  2"  or  3", 
rather  less. 

do. 

do. 

do. 

do.,  but  closed  sooner. 

do. 
sep.  about  ^^  pos. ;  much  the  same 
if  it  rested  at  bottom  2"  or  3". 
do.    if  let  down  and  up  imme- 
diately, rather  more  if  resting 
at  bottom  2  or  3". 
do. 
do. 
do. 

do. 


490]  Feb.  4  continued.  Comparison  of  the  three  plates  E,  F  and 
G  together  with  the  plates  I,  K,  L  and  M,  tried  by  the  two  above-men- 
tioned trial  plates  and  the  l**  and  2"**  sliding  plate*. 


Plfttos 
tried. 


E,  F,  G 

I 

E,  F,  G 
M 
K 
L 


K 
I 

E,F,G 
M 

E,  F,  G 


Sliding 

plate  and 

breudtli  of 

coating 

thereon. 

1*        9 

—  24 

—  9 

—  IG 

—  24 

—  24 

2nd     17 

17 
15 

7 
9 

7 


Trial 
plate. 

S 


Large. 


Sep.  pos.  about  ^V-    ^  ^^  resting  2  or  3" 
Sep.  rather  less  than  ^^,  rather  more  if 

resting  2  or  3" 
same  as  before 

sej ).  about  j\y.     D*  if  resting  2  or  3" 
D« 
D° 

Sep.  neg.  about  ^\y :  rather  less  if 
resting  2  or  3",  the  separation  more 
after  a  little  time  than  at  fii-st,  and 
closed  very  slow. 
D« 
D° 
D« 
D^ 


•  [Art.  818.] 


\^— ^ 
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491]    Trials  of  the  same  kind  as  those  in  [Art.  487]. 
Large  trial  plate  for  the  experiments  of  this  page — ^balls  closed  in  13" 


Small  do. 
Trial  plate  A 
B 
E  of  Naime 
F 
G 
D 

Double  plate  £ 
A 
M  of  Naime 
I        — 
K       — 
L       — 


10"  or  15" 

15 

15 

20 

20 

20 

5 

5 

7 

20 

20 

35 

25 


492]    Wed.  Feb.  5  [1772].    Th.  49^     S.  H.  17J.     C.  H.  4f 

Comparison  of  I,  K,  and  L  together,  with  A,  B  and  C  by  means  of  the 
trial  plates  E  and  F,  and  of  A,  B  and  C  together,  with  H  by  means 
of  the  two  crown  glass  trial  plates*. 


Plates 
to  be  tried. 


T,K,L 

B 
A 
C 
I,  K,  L 
C 

C 

A 
B 

I,  K,  L 

C 
T,  K,  L 


Sliding 
plate  and 
breadth  of 

coating. 

2"'*     8 

3"»     8 
3"»     8 

2»«»    10 
3"»      8 


3rd 

3nl 


10 

10 
11 


11 
G 


Trial 

plates. 


E 


Sep.  about  -^  pos.     Much  the  same  if 
resting  at  bottom  2  or  3". 


sep.  1  diam.  neg.  Much  the  same  if  kept 
at  bottom  2  or  3".  Kept  increatdng 
for  a  short  time. 

do. 

do. 

the  same,  only  rather  less  if  resting  at 
bottom  2  or  3". 

the  same  as  before. 

the  same  as  before. 


•  [Art.  318.] 


P»4] 
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493]     Compariaon  of  A,  B,  C  together,  with  H  * 


PUtex 
to  be  tried. 

Sliding 
plate  and 
breadth  of 
ooatios. 

A,B,0 

a"  18 

H 

A,B,0 

H 

H 

D 
D- 
3"      6 

— 

—    24 

H 

3"    24 

A,  B,0 
H 

3       18 

Liii'ge.    Sap.  neg.  about  I  dkm.,  the  aame  if 
it  i-ested  at  bottom  2  or  3", 
D- 

visibly  iiither  more 

very  visibly  less  than  last,  and  seemingly 

lesa  than  former 

Small — 8cp.  near  ^'g  inch  poa.     Same  if  it 

rested  at  bottom  2  or  3" 
!>• 
D" 


sensibly  less. 
Trials  of  same  kind  as  those  of  [Art.  487]. 
I    closed  in  65"         H  in  55"        Trial  plate 
L  20  B        20 

K  20  A        20 


EXPERIMENTS.    1773t 

494]     Spread'tTV}  of  electricity  on  surface  of  gluts  plates. 

i  plates  of  English  glass  were  cut  out  of  same  piece  and  coated  with 
bit*  of  tinfoil  of  the  same  size.  One  of  these  plates  was  covered  at 
different  times  with  thick  solution  of  lac,  which  ran  into  heaps  in  drying, 
another  with  traiutparent  varnish  which  also  ran  into  heaps,  another 
-with  solution  of  lac  and  vermitlion  which  lay  smooth,  and  the  other  left 
as  it  was. 

They  were  all  done  in  the  end  of  the  summer  and  suffered  to  dry 
in  the  open  air.  The  spreading  of  the  electricity  on  their  surface  was 
tried  in  the  manner  described  1772,  p.  22  [Art  48G]. 

Tu.  Oct.  13  [1772],     Th.  G3.     N.  20J-.     C.  -  7. 
D  of  Nainie,  corks  closed  Immediately. 


G       do. 


Q   3"( 


■4". 


Plate  with  lac  closed  immediately,  sep.  again  in  3"  or  4". 

Lac  and  verm.  D°  but  much  more. 

Tranaparent  varniih  aame  as  l&cnuer. 

I'late  not  varnished  closed  Immediately,  sep.  again  in  S"  or  6 


f  [This  U  the  heading  ol  this  handle  of  the  Joomal,  though  many  of  the  dftt«a 
laloug  to  1772.] 
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4951  To  see  whether  the  macIUne  used  for  trying  Leyden  viah*  con- 
ducted  fast 

The  heavy  and  light  paper  cylinders  beiog  both  hung  to  conducting 
wire,  and  globe  t  turned  till  heavy  ones  separated,  the  light  ones  closed  in 
r.  \"  after  the  others  when  the  conducting  wire  communicated  with 
machine,  and  about  T.  20"  when  it  did  not. 

496]  Tlie  plate  covered  with  solut.  lac  was  undone,  and  that  and 
the  plate  not  varnished  were  lacquered  in  Nairn e's  manner,  one  with 
Vermillion,  the  other  without  Neither  of  them  were  dried  after  the 
operation. 

The  old  Lac  and  vermillion  and  the  transparent  varnish  were  dried 
before  fire,  heat  uncertain. 

Frid.  Oct  16  [1772}     Th.  63.     N.  20.     C.  - 10. 

The  two  plates  lacquered  in  Nairne's  manner  discharged  the  elec- 
tricity of  the  jars  presently. 

Lac  and  verm,  in  1"*  manner  closed  in  about  10". 
Transparent  varnish  uncei*tain,  from  5"  to  20". 

Sat.  Oct  17  [1772].  The  last  varnished  plates  being  dried  before 
fire.     Th.  65.     N.  21.     C.  -  7. 

1"*  lac  and  vermil.  closed  in  2"  or  3",  did  not  sep.  in  1'. 

2    D°  closed  rather  sooner. 

Transparent  closed  and  sep.  again  in  about  4". 

Tu.  Oct  19  [1773  J].  The  varnished  glasses  were  Iwiked  over  stove, 
the  heat  being  kept  for  2  hours  at  about  170. 

Wed.  Oct  20  [1773  J].     Th.  64.    N.  22.     C.  -  6. 

Lac  &  verm,  closed  in  about  15". 

Old  lac  <k  verm.  D^ 

Transparent  in  1  or  2". 

Do  rubbed  with  cloth,  closed  and  sep.  again  in  1  or  2". 

On  Wednesday,  the  varnished  plates  were  baked  for  above  2  hours, 
the  heat  the  gi-catest  part  of  the  time  about  210,  but  part  of  the  time 
the  6  rose  a  little  way  into  the  ball  I  suppose  must  be  at  least  235  or 
240. 

Fr.  .     Th.  60.     N.  22.     C.  -  5. 

Transparent  closed  and  sep.  again  immed. 

Last  lac  &  verm,  closed  k  sep.  again  almost  immed. 

jrt  2)0  closed  and  sep.  agjiin  in  about  2". 

497]     Glasses  for  exper.  on  spreading  of  elect 

9  plates  of  English  glass  <fe  8  of  Nuremberg  coated  with  plates  of 
same  size. 

Sun.  Oct  24  [1773J].     Th.  63.    Comm.  -  6.     N.  21.J. 
Closing  of  corks. 

•  [Art.  295.] 

t  [Of  electrical  machine.    See  Arts.  248,  568,  568,  569.] 

X  [Ptobahly  1772.    See  Note  to  Art.  502.] 
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SPREADING  OF   ELECTRICITY. 
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K    9  cloyed  in  about  2". 
8  ratht-r  sooner, 
7  D°. 

c  ly. 

5  D°  4,  3,  2,  1  DM  did  not  aep.  in  1'. 
K    8  closed  and  sep,  again  in  less  than  2"  but  did  not  scp.  much. 
7  closed  in  1  or  2"  but  did  not  sep.  again  Etoon. 
€  closed  presently  and  sop.  aguin  more  than  8. 
5,  4,  3,  2,  I  D°  but  seemed  to  aep.  at  Rmt,  to  seji.  more  befoi-e 
it  began  to  close,  it  was  poa.  after  closing. 

Sun.  &  Mon.  N  1,  2,  3,  4  &  8  were  baked  witk  Leat  from  130  to 
200.     Tlte  tinfoil  of  the  lowest  plate  'vvas  bliatci-ed. 

Bun.     Th.  G2.     Com. -15.     N.  18. 

E  2,  3,  4,  5  closed  in  about  2",  2  and  3  sep.  again  in  30  or  4[0]. 
"E  1  closed  not  quite  so  fast 

£  9  not  baked  closed  in  about  7",  7  «!:  6  in  about  4",  &  6  in  about 
3". 

The  5  baked  Nuremberg  immediately  separated  wide,  some  without 
closing  first,  others  with. 

N  6  closed  and  sep.  almost  immediately,  7  closed  and  sep.  almost 
immed.  but  did  not  sep.  wide.  5  closed  and  sep  again  in  5"  or  7". 
N  8  wadied  with  sp"  of  wine  did  not  cloae  so  soon  as  before. 

N  8  &  E  4  were  washed  with  sp  wine  &  &  little  roa.  vamisli  &  then 
TEirnislied  with  rosin. 

Sun.  eve.     Th.  CO.     Com. -20.     N.  16. 

R  4  did  not  close  in  1'. 

N.  8  closed  in  3  or  3". 

N.  3  closed  and  sep.  again  immed. 

N.  S  i!i  £.  4  were  then  c.-tsed  in  soft  comenL  The  plates  N.  1 
^  E.  3  were  vai-nished  with  lac  varnish,  &  the  plates  N,  2  A  E.  2 
with  a  nuKtuK  of  6  |>arts  of  varoish  >b  1  of  vermiliou,  Ji  afterwards 
baked  for  about  5  hours  witli  a  heat  part  of  the  time  up  to  200,  and 
most  of  the  time  alwve  150,  it  N.  3  i  E.  5  were  varnished  in  tha 
same  nmnner,  and  then  cased  in  a  cement  comjiosed  of  li  of  rogin  to 
12  of  brick  dust.  K.U.  E.  5  was  heated  in  drying  the  vamiah  to  a 
great  degree,  so  as  to  make  it  smoke  violently. 

Wed.  Nov.  4  [1772].     Th.  59.     K.  16J,    C.  -  18. 

E.  4  cloHed  in  about  i". 

K  5  in  3"  or  4". 

N.  8  closed  and  sep.  again  in  3  or  4". 

N.  3  seemed  to  do  the  same  rather  sooner. 

Fr.  Nov.  6  [1772],  the  plates  E.  1  and  N.  4  were  varnished  with 
"  1  and  the  plates  E.  2  A  N.  2  varnished  with  a  mixture  of  4  parts  of 
Min  vamiHU  to  1  of  vermilion  &  aft«rwanls  baked.  They  were  a  good 
wl  heated  both  in  varnishing  and  baking,  so  as  to  bo  somewhat 
istered. 
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The  plates  E.  3  d:  N.  1  were  also  varnished  before  then  and  dried 
before  fire. 

Sat  Nov.  7  [1772].  N.  5  and  K  8  were  varnished  with  rosin,  and 
N.  G  and  K  6  varnished  with  8  parts  of  solut  rosin  &  3  of  vermilion, 
and  then  baked  for  alx>nt  2  honrs  with  heat  which  part  of  the  time  ruse 
to  146,  but  commonly  did  not  exceed  130. 

Sun.  Nov.  7  [1773*].     Tk  63.     Com.  -  2.     N.  22 J. 

N.  3  closed  and  sep.  wide  immed. 

N.  8  closed  «fc  sep.  again  in  2"  or  3". 

N.  6  rather  slower. 

N.  5  closed  and  sej).  wide  immed. 

N.  4  more  sa 

N.  2  D^ 

N.  1  D^ 

K  6  closed  in  3  or  4". 

E.  8  closed  and  sep.  again  in  2  or  3"  about  1  inch. 

K  3  closed  and  sep.  wide  immed 

R  2  D^ 

K  1  closed  and  sep.  again  in  about  1'. 

K  5  closed  in  about  2''. 

E.  4  did  not  close  in  ^  min. 

498]    Order  in  which  the  elect  spread. 


N 
G  rosin  &  verm,  last  done 
8  in  soft  cem. 

^  ,  „  (varnished  with  ros.  last 
(    done  and  hard  ceni. 
-   (rosin  alone,  2  1" 
»    »      (rosin  and  verm,  l** 


E 

4  soft  cement 
6  rosin  and  verm,  last  done 

5  hard  cem. 
8  rosin  last  done 

1  rosin  alone 

2  «fc  3  ros.  and  verm.  1*  ros.  alone  1* 

4-21  of  the  lac  varnish  contains  12  gra.  of  lac 


Th.  Nov.  Th.  68.     Com.  -13.     N.  19. 

N.  8  in  soft  cem.  closed  almost  immed.  sep.  again  in  3  or  4". 

E.  4  in  D°  did  not  quite  close  in  J  min. 

E.  8  in  ros.  closed  and  sep.  again  almost  immed. 

E.  6  ros.  and  verm,  closed  and  sep.  wide  immed. 

N.  5  ros.  more  so. 

N.  6  ros.  <fe  verm,  same  as  E.  6. 

Th.  Nov.  Til.  58.     Com. -7.     N.  21. 

E  4  at  first  approached  a  little  nearer,  afterwards  did  not 

N.  8  closed  and  sep.  again  in  about  3". 

E.  2  Lftc  and  verm,  closed  and  sep.  wide  immed. 

E  3  I.<ac.  not  so  soon. 

N.  2  Lac  and  verm,  rather  quicker. 

N.  1  Lac.  D°. 

•  [Probably  Nov.  8, 1773.     See  Note  to  Art.  602.] 


COATED   PLATES. 


E.  1  not  vam.  dosed  in  about  8". 

N.  i  cloBod  and  Sep.  again  in  alK>ut  2". 

499]     Sat  Nov.  E.  8  &  N.  5  we>-e  varuiahed  with  rtw. 

IA  E.  6  &  N.   G  were  Tarnislied  with  8  i>ai-t!i  of  Rolut.  I'osin  ib  3  of 
I  vermilHoD.     Tliey  were  afterwardB  tmked  over  boiling  water  for  about 
1  houi^,  the  lieat  between  115  &  120. 

Sun.   Nov.  E.   1  &  N,   4  were  varnished  with  fi'O  of  thick 

iolut  lao,  3-3  of  verm.  &  19  of  sp"*,  and  K  2  4  N.  1  were  varuiahed 
|nth  60  of  Holut  iac,  4'16  of  verm.  Jt  9  of  ep".     The  quantity  of  this 
t  niisture  spread  on  the  glasses  was  H'O, 


Mon.  Nov.  16  [1772}     Th.  52.     Com. 
N.  1 


N.  10>. 


closetl  ia  1  or  2",  sep.  again  in  about  i. 

did  not  quite  close  iu  i  uiin. 
R  1  nearly  the  same. 
N.  4  nearly  the  same  as  N.  1. 
E.  6  cloBed  and  aep.  again  inimed. 
N.  6  do. 

N.  5  not  quite  so  soon. 
E.  8  closed  and  sop.  again  in  about  3". 

in  soft  com.  samo  as  N.  1. 

not  covered,  closed  rather  sooner  and  aef 
N.  1. 

closed  in  about  5",  did  not  sep.  in  ^  miu. 

500]       Trials  of  quant.  eL  in  Leyden  \-ials,  im. 


The  following  pi 


P 

Q 
a 

White  plate 
Crown  0 
D"  A 
Thick  rosin 

•2"     do. 
3""     do. 


latea  were  coated  us  follows*. 


'    -3115 

2-253 

23-98 

■104 

2'234 

48 

■106 

213G 

4304 

■106 

2'522 

59-99 

•127 

2^87 

64-87 

■076 

2^082 

57-04 

■1848 

3-696 

6997 

■172 

3-444 

68-98 

■0659 

3  45 

180-G 

■0682 

351 

180-6 

■4845 

3-760 

29^18 

■195 

3-374 

68-37 

■103 

4-247 

1751 

r6812 
1-6339 
1-7781 
1-8120 
1'7562 
1-8449 
1-8387 
2-2507 


e  Art.  514] 


Two  trial  platea  were  made  with  two  plat«3  of  glass  with  fl 

tweeni  for  eomparing  thick  rosin  with  the  double  platea  A  and  ff 

I  Two  trial  plates  wore  also  made  on  a  piece  of  the  white  pla{ 

1      for  comparing  N  and  thin  white  with  D  +  E. 

fc  •  [Sm  Alls.  370,  371.] 
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501]    Sat.  Oct.  17  [1772;. 

Th.  65. 

.     N.  21.     C.  7. 

Plates  tried. 

Acldit. 
wire. 

Trial 
plate. 

Ine.  d. 

answering 
toaddit 

D  of  Nairne 
varnisbed  with  lac 

7 

A 

Sep.  a  little  po& 

wire. 
1-58 

G  of  N  iu  cemfentl 

7 

rather  more 

1 

0 

much  the  same  as  D 
or  rather  less 

0          1 

ED« 

D« 

1 

E 

10 

B 

did  not  sep. 

1 

G 



D° 

1 

D 

2"^  ros.  plate 
D 

18 
7 

A 
A 

scarce  separated 

sep.  a  little 

D« 

407 
1-58 

Thick  ros. 

H 

small 

D<» 

•79 

Doub.  plate  B 
Thick  ros. 
Doub.  pi.  B 

mm 

li 
If 

large 
D° 

D** 

very  little 

less 

•40 

D 

Thick  white 

3i 

7 

A 
A 

sep. 
D° 

•79 
1-58 

Hence  it  should  seem  that  the  plate  D  contained  about  1*6  ina  eL 
less  than  the  plates  E  or  G,  which  is  nearly  conformable  to  p.  26,  1772 

[Ai-t  489]. 

Tlie  thick  rosin  plate  seems  to  contain  just  the  same  as  donb.  pL  B^ 
and  the  2""^  rosin  plate  to  contain  2*49  ina  eL  less  than  D.  The  thick 
white  seemed  to  contain  '79  iuc.  el.  less  than  D. 

502]  Q  and  Y  compared  with  M  and  K  of  Nairivey  also  green 
cylinder  L  and  tchite  cylinder  compared  with  plates  of  Nairiie  by  fihcam 
of  didiiuj  trial  2>lcite8, 

Mon.  Oct.  18*.     Th.  641.     N.  171.     C.  -15. 
[13  observations,  Art.  6G0.] 

{Result.]     Therefore   K  seems  to  contain  5  inc.   el.  less  than  M,  i 
ormablc  to  1772,  p.  2Q  [Art  489]. 

Q  contains  IG  inc.  less,  and  P  16  less. 

The  com  p.  power  of  white  cyl.  =  537*5,  and  [it]  appears  to  oontaiB 
756  inc.  el.     Therefore  inc.  el.  by  comp.  power  =  1-41. 

*  [As  the  records  of  the  actual  observations  in  the  following  articles  are  of  pre- 
oisely  the  Bame  nature  as  those  already  given,  they  will  be  omitted,  and  as  tbd 
author  has  summed  up  the  results  for  each  day,  these  statements  only  will  be  given, 
except  in  cases  of  more  than  ordinary  importance.  According  to  the  day  of  the 
week  and  month  the  dates  for  these  experiments  should  belong  to  1773,  but  as  ibt 
experiments  seem  continuous  with  those  of  dates  before  and  after  whieh  are  cer> 
tainly  in  1772,  I  think  Cavendish  made  a  mistake  in  the  day  of  the  month  whieb 
he  did  not  find  out  till  4^  November.] 
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The  comp.  power  of  gi-een  eyl.  is  318*2,  and  [it]  appears  to  contain 
^40  X  IJ  ina  eL,  therefore  inc.  el.  by  comp.  power  =  1.6:i*. 

503]  1**  and  2"^  green  and  white  cylinder  and  white  jar  compared 
with  H  of  Nairne  in  usual  maimer, 

[12  observations.] 

[Result.]  Hence  it  should  seem  that  the  wliite  cyl.  contained  as 
much  el.  as  H  ;  the  2"*^  green  contained  45  inc.  el.  more  th»in  H ;  the 
1"  green  uncertain,  and  the  white  jar  seemed  to  contain  74  inc.  el.  more. 

5Q4]  Trials  of  the  same  cylinders  and  jar  in  same  manner  except 
thOft  in  trying  the  white  jar  ami  1**  green  cylinder  tlie  plate  M  of  Nairne 
was  pktced  on  the  neg,  side  as  an  additional  trial  plate. 

Sat.  Dec.  5  [1772].     Th.  56.     N.  20. 
[13  obsei'vations.     Art  660.] 

[Result.]    Hence  1"*  green  cylinder  should  cont.  135  inc.  eL  more  than  H 

2"**  56 

white  cyl.  7 

white  jar  88 

By  means  of  this  and  preceding  page,  the  quant  el.,  comp.  power 
and  quant,  el.  by  conij^.  i>ower  are  as  foUowst : 

Qnant.  el. 
by  comp.  power  *, 
1-84 
1-70 
1-43 
1-56 

505]  The  quant  el.  in  the  2  coated  globes  was  tried  by  putting  the 
-white  cylinder  and  the  6***  sliding  plate  on  neg.  side. 

[6  observations.] 

[Result]     Therefore  -j^,  ,     «  seems  to  contain  -{ikkk  [circ.]  inc.  el. 

Trials  of  jars  used  in  the  1"*  sort  of  experiments:  [Art,  240]  tried  by 
putting  a  sliding  plate  with  or  without  tlie  white  cylinder  on  neg.  side, 

Th.  Dec.  3  [1772].     Th.  55.     N.  22. 

[6  observations.] 

[Result]  There  seems  some  mistake  in  the  3"*  exper.,  therefore  if 
we  make  use  only  of  those  exper.  in  which  they  sep.  po&  tbe  ^ 

<"  ^'    . ,    contains      ^  more  than  H  : 
(IXMS.  Bide  0  ' 

*  [These  measnreB  of  specific  iudaotive  capacity  miut  be  multiplied  \(f 
note  to  Art.  462.] 
t  [See  Art.  883.] 


Qnant.  el. 

Comp.  power. 

1'*  green 

1170 

600-7 

2'"'    do. 

1023 

600 

white  cyL 

976 

684-1 

white  jar 

1060 

680-7 
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1134 
id  est    g-(^  inc.  of  el.,  but  if  we  made  use  only  of  the  other  ezper.  H 

ij  I.    fneg.  side  1233 
would  be  <     °     .,     lA^iQ. 
(l)OS.  bide  1043 

506]  Trials  of  tlie  4  large  jarsy  the  jars  being  plae$d  on  ik$  nd§. 
side, 

Fr.  Dec.  4  [1772].     TL  59.     N.  19^. 
[8  observations.] 
[Results.]     By  mean 

jar  1  equals  w.  cyl.+g.  c.  2  +  B-k-- — = +5,  6      »3184 

Q 

jar  4  w.  a+g.  C.2  +  B+        ^  +0-10=  2675 

jar  3  w.  c.    +  g.  c.  2  +  g.  c.  1  +  B  +  5  -   7^        «  3635 

jar  2  w.  c.    +  g.  c.  2  +  ^'  ^   +5-16  i=3050 

507]  Trials  of  the  5^^  and  6**  trial  plates,  the  trial  plaie  Mn^ 
placed  on  neg,  side, 

Kesult.     Therefore  trial  plate  6  -  56  =  H. 

[Trial  plate]  6-18  rather  more  than  C. 

By  mean  6-18  =  0,  and  trial  plate  5-17  =  0. 

The  trial  plate  4  is  on  same  plate  as  5,  and  the  area  of  one  diyision 
on  it  is  to  that  of  5  on  tiial  plate  5  as  1  '8*  to  9. 

508]  Thick  white,  2"**  rosing  D  and  F  of  Nairne,  and  tJte  ttoo  double 
plates  together,  compared  together,  also  thin  white  loUIi  D  and  E  afid  D 
aiidF, 

Sat  Dec.  5  [1772]  in  evening.     Th.  56.     N.  28^. 
[24  observations.] 

N.B.  Before  these  exper.  were  tried,  the  plates  E  and  F  were  freed 
from  ccm[ent]  and  coated  afresh  with  plates  of  same  size.  The  plate  D 
was  also  freed  fi*om  the  varnish  and  coated  afresh,  and  the  trial  plate  B 
was  freed  fi*om  cement  and  coated  with  rather  larger  plates. 

Hence  it  should  seem  that  thick  ros.  contained  1 1  inc.  eL  less  than 
the  doub.  plates  A  or  B,  id  est  18*2  inc.  el.,  that  the  thick  white  con- 
tained same  as  D,  id  est  36  ina,  and  that  2"^  ros.  contained  2*03  ina 
less,  id  est  34  ina,  which  difTei-s  very  little  from  p.  12  [Art.  501]. 

509]    Whitish  plate,  P,  Q,  0,  old  G  and  thin  rosin  compared  with 


Jll] 


AIR  BETWEEN  PLATES  NOT  CHARGED. 
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Sun.  Dec.  6  [1772].     Th.  54.     N.  20. 

[19  observations.  Art.  655.] 

[Result.]  By  these  exper.  the  two  double  plates  should  contain 
ibout  1'13  inc.  el.  more  than  D,  that  thick  white  contained  same  as  D, 
hat  the  2"**  rosin  contained  2*26  less,  that  the  thin  white  contained  '45 
ess  than  D  +  E,  and  that  N  contained  1*81  less. 

Sunday  evening.     Th.  57^.     N.  17 J. 
[18  observations.] 

510]     Crown  A  arid  C  compared  with  A^  B  and  C  of  Naime, 

Mon.  Dec.  7  [1772].     Th.  55.     N.  18|. 

[10  observations. 

21  observations  of  spreading  of  electricity  on  the  different  plates.] 

By  the  above  exper.  Crown  A  and  C  should  contain  15  inc.  el.  less 
ban  A. 


Our 


511]  Whether  tJie  sliock  from  the  plate  air  was  diminished  hj 
hangiufj  tJie  air  between  tliem  by  moving  them  horizontally*. 

Sat.  Dec.  18  [1773 1].     Th.  60^     K  23J. 

It  was  tried  whether  shock  in  charging  plate  air  was  sensibly  di- 
fiinished  by  moving  the  2  plates  horizontally,  and  thereby  changing 
he  air  between  them  in  the  manner  represented  in  figure,  where  AM 
epresents  the  two  8-inch  brass  plates  with  sealing  wax  between  then 
uspended  by  the  silk  strings  AG  and  BD. 

AE  and  BF  are  silk  strings  fastened  to  the  frame  on  which  lower 
»late  rests,  and  passing  over  wire  hooks  E  and  F,  and  stretched  bj 


♦  [See  Arts.  346,  616.] 


t  [Probably  Dee.  19, 1772.    See  Art.  50S.] 
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weights  80  that  tho  plates  would  move  from  E  towards  F  and  rest  iu  , 
any  position.  I 

The  electrifying  wiro  was  suspended  by  the  string  6  with  a  counter- 
poise. 

Tlie  plates  wei*e  electrified,  holding  my  finger  to  bottom  plate,  ther 
wore  tlu'iL  iiujvt'd  24  inchefl  by  lifting  up  the  weight  JT,  and  then  dis- 
charged by  holding  my  little  finger  to  lower  plate  and  touching  upper 
]»hite  witli  brass  knub  held  in  the  other  hand.  I  could  feel  a  small  pulse 
iu  little  finger,  having  tried  this  I  electrified  and  discharged  the  plates 
in  same  manner  only  without  moving  them  fii*st  and  endeavouring  to 
])re8erve  the  same  distance  of  time  between  the  electrification  and  dis- 
ci largo.  I  was  not  able  to  ])ercoive  any  difference  in  the  feeL  I  en- 
deavoured to  asceilain  tho  time  by  the  vibrations  of  a  pendulum,  bnt 
witliout  much  success.  It  seenie<l  needless,  however,  as  I  could  perceiTe 
scarce  any  difiorenco  in  the  sensation  whether  I  discharged  it  imm^ 
(liately  or  waited  as  long  as  when  the  plates  were  moved.  The  nsoal 
time  between  the  electrification  and  discharge  was  about  2 J". 

The  ex]>onment  was  also  made  by  Richard,  who  did  not  peroein 

any  diirerciice. 

The  heavy  paper  electrometer  was  used.  The  bits  of  sealing  wax 
between  the  plates  w^erc  those  made  in  1771  [Art  457]. 

512]     Whvther  glohc  Indiuhd  within  hollow  globe  is  avercliargtd  Ijf 

elect ri/yuKj  outer  ylobe^. 

It  was  tried  whetlier  the  globe  enclosed  within  hollow  paper  globe 
was  ovcrcliargcd  when  the  outer  glo})e  was  electrified. 

This  was  (ii'st  fried  by  making  tlie  12  hemispheres  slide  on  2  sticks  of 
glass  by  means  of  '1  tin  hooks  and  a  stick  of  glass  fixed  to  the  back  of 
the  hrmisj»]iere. 

The  wire  l)y  which  it  was  eloct.  was  suspended  about  4  inches  al-'ove 
the  hcmisjiliercs  while  the  vials  were  charging.  It  was  then  let  down, 
and  it  was  so  contrived  that  the  same  motion  of  the  Inuid  which  lifit**! 
up  again  the  eh*ct.  wire,  litte<l  up  the  wiie  which  councct<.'d  the  inner 
globe  with  tlu;  outer,  drew  l)ack  the  hemisj>hcres,  and  (U*ew  up  the  pith 
balls  ta^stcned  to  a  stick  of  glass  till  they  touched  the  inner  globe. 

It  was  fimnd  that  if  the  elect,  of  the  hemispheres  was  discharged 
before  they  were  separated,  but  after  the  communication  between  them 
and  the  inner  globe  was  taki'U  away,  that  the  pith  balls  did  not  sejx, 
but  if  they  were  separated  before  tlieir  elect,  was  discharged,  then  the 
pith  balls  wouhl  at  liivt  sep.  about  an  inch  or  so,  but  (juickly  closetl, 
whereas  if  the  inner  globe  was  electrlti«*d  after  the  hemispheres  were 
separated,  it  was  found  to  be  a  great  while  before  the  j)ith  balls  closed. 
It  was  found  that  this  was  owing  to  the  sticks  of  glass  on  which  the 
hemispheres  slid  being  eh-ctrified  thereby,  as  the  same  phenomena  were 
produced  by  electrifying  those  bticks  when  the  hemis2>heres  were  taken 
off. 

♦  [Sco  Exp.  I.  Art.  218.] 
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Tliese  Bticka  were  not  covered  with  »eiiUng  wax,  atid  as  ap- 
^Beared  by  tbia  cxper.  auQereil  tlic  eloctvic.  to  run  tvlong  them  [>retty 
"Sendilv.    'Die  stick  of  glass  nui  tliitiugU  the  glube  liatl  all  tliat  part 
Ktliout  tbi-  glubc  coYeri.-(l  with  Beating  wax. 

513]     The  same  t/ilng  tried  6y  a  beUer  machine. 
Wed.  Dec  23  [1772].    Th.  52».     N.  18f 

The  exper.  was  tiied  in  a  diSei-ent  manner,  the  henuapheres  being 

listened  hy  sticks  of  glass  covered  with  sealing  wax  within  wooden 

a  turning  ou  hinges. 

If  the  pith  balls  were  made  to  sep.  pos.  about  1  inch  before  the  globe 

)  elect,  they  separated  1^  or  two  diameters  ou  touching  the  globe. 

r  they  separated  ouly  1  inch  before  touching,  they  did  not  se)i.  at  all  ou 

Riohing  the  globe.     If  thny  soparated  negatively  1^  or  2  inches  before 

nichiug,  they  did  not  aep.  at  all  after  touching, 

The  event  was  just  the  same  whether  the  wires  for  discharging  the 

Bct.  of   thi;  globes  when  separated  wei-e  phtced  so   us  to  touch  the 

jemisphere«   as  soon  as  they  were  sep.  an  inch  from  each  other,  or 

fchether  they  were  placed  so  as  not  to  touch  them  till  they  were  sepa- 

■ited  almost  the  whole  distance. 


d.-a 


1  hack  about  II  i 


3  from  its 


It  appears  from  hence  that  the  inner  globe  was  a  sraiill  matter  over- 
kai'ged,  but  not  enough  so  to  make  the  bulls  sep.  unless  they  were 
I  positively  electrified,  so  that  the  reduudmit  fluid  iu  it  coulil 
■rdly  be  r?j-  of  that  which  it  would  have  received  by  the  same  degree 
T  electrification  if  the  outer  hemispheres  had  heeu  taken  away,  and 
robably  not  more  than  \  as  much. 

\Exper.  rotin*.'] 

614]  These  rosin  plates  wei'e  made  out  of  a  mixtui'e  of  4  parts 
tain  aad  1  of  bees  wax  mixed  together  with  a  considerable  heat,  towards 
[le  begiuning  of  the  year  1771.  Towai-da  end  of  1772  some  i-ound 
plates  wei-e  cast  out  of  this  by  gentle  heat,  which  were  pared  to  a  proper 
size  aud  sbajio  auil  then  pressed  out  between  brass  plates  heated  in 
woodeu  box  over  furnace  {the  tin  lining  being  not  then  made),  the  bits 
of  tinfoil  weie  at  firat  fastened  on  by  jiiat  wotting  it  in  a  few  plac 
with  gum  water  aud  sticking  it  on,  but  as  this  was  found  not  to  do 
wcU,  tlie  hits  of  tinfoil  were  afterwards  rubbed  with  melted  wax  aud 
fiusteiied  ou  by  keeping  them  some  time  pressed  with  slight  weights  with 
H'T""!  between  them. 

515]  l**  and  2*'  tliJiug  plates  cnmpared  wi'U  dovhlc  jilale  B,  a&f 
P,  Q  and  O  and  llun  roain.  Old  G  anil  whitish  jitnle  cmnpared  vnlh  Dj 
E,  F,  and  M. 


•  [Sen  Arts.  33T.  373,  and  5i 


2o6  EXPERIMEXTS.  DEC.  25,  1772.  [516    . 

Tlie  !■  and  2"^  sliding  coated  plates  were  compared  with  double  ' 
plato  B  [G  ol>senations].  TJic  25  div[isions]  on  s][iding]  pl[ate]  ▼««  i 
mftisuretl  l»v  using  brass  jilate  3  inc.  by  U  and  9  div.  of  the  tinfoil.         j 

2  trial  jilates  wore  made  for  plates  M  A-c.  out  of  a  wbite  glass  hemi- 

sj»lit-iv  [*^  oK>ervatioiis.     Art.  6.")C.] 

Fr.  Dec.  25  [1772].     Tix.  40.     N.  20. 

[19  observations,  and  3  on  insulation.    Art  656.] 

By  tbis  exper.  with  ^^^^^^  trial  i)late  Q  contains  P  ^  inc.  el.  lew 

than  D,   E  .t   F,  P  ^  J"^  less,  O  l.J  less,  old  G  Z^  less,  whitish  plate  • 

4-4  ,  ,  . ,  .  14-7  , 

^v..  less,  and  tuin  rosin  |^..^  less. 

F>y  nie:in  1*  contains  9  5  less,  O  5-8  less,  old  G  5-1  less,  whitish  j)Ute 
7  lei>s,  thin  i*osin  IG  less,  and  Q  *3  less. 

Tlie  wiivs  used  in  the  machine  were  all  cleaned  between  this  ex- 
periment and  the  next. 

r»lG]  W/n(h*r  (In'  c/un'p*:  of  plate  air  w  diminisfied  hy  clkanginQ  \k 
air  htticttn  f/wm  h*/  iijtiitg  vp  the  upper piate^. 

In  oilier  to  trj-  whether  in  electrifying  plate  air  the  electricity  was 
Kxli^^d  in  the  air  or  in  the  lilates,  the  two  brass  8-incli  plates  were 
plaoeil  oil  each  other  with  supports  of  sealing  wax  t^  keep  them  at 
aUnit  'I  inc.  «listaiu'e  iroiii  oacli  other  and  placed  on  the  mucin  net  with 
the  eiul  .1/  of  the  wive  Mm  resting  on  it;  the  uppermost  plate  being 
fastiMieil  by  a  stick  of  waxed  irlass  and  3  ])ieces  of  silk  to  the  end  of 
a  lever  so  that  it  could  bf  lifted  ii])  and  dowiL  It  was  also  contrivtHi 
so  that  in  lifting  up  the  plate  the  wire  Mm  was  fii-st  lifted  up  fi"uni 
it  about  h  iiu'h,  for  fear  that  if  Mm  rested  on  the  plate  when  liftt-J 
from  the  under  one.  some  eleetrieity  might  escape  fi-om  the  ends  of 
the  wiiv  lib,  iVc.  The  third  sliding  trial  i»late  was  put  on  the  negative 
side. 

If  the  win*  Cc  was  let  down  and  up  immediately  without  lifting 
up  the  upper  plate,  the  ]ntli  balls  separated  negatively  very  little  with 
LS  divisions  of  sliding  ])late. 

If  the  wire  r«*  was  let  d»»wn  and  immediately  drawn  up  half  way, 
but  not  drawn  cjuite  up  till  the  upper  ])late  had  been  drawn  up  aii»l 
let  down  again,  the  balls  separated  very  little  more. 

The  event  was  the  same  also  if  the  trial  plate  was  drawn  out  so  that 
the  balls  should  separate  a  little  pojsitivcly. 

The  ujjper  ])late  was  lifted  up  2  or  3  inches.  The  sliding  plate  was 
let  out  to  12  divisions  that  the  balls  should  sejiarate  positively. 

•  ISeo  ArtP.  344,  oil.]  1  [Art.  29r>.J 


517]  PLATE3   OF   AlK.  2'>7 

517]     TriaU  of  plate  air  1,  2,  3  and  4.     [See  Arts.  341  and  668.] 

Two  plates  of  glass  HA  inches  sqiiai'e  were  coated  with  tinioit  about 
11  '4  inches  diam.  a  slip  of  tinfoil  exteaditig  from  the  cuating  to  the  other 
side.  These  p!n,tt«  were  placed  upon  each  other  with  coated  sides 
tD[wards]  each  other  and  kept  asunder  by  3  Knppoi-ta  of  KenUng  wax, 
the  supports  btiug  placed  a  little  on  outaide  of  coated  part  aud  tried 
ID  the  usual  manner. 

Sun.  Dec.  27  [1772].     Th.  50.     N.  IS. 
9    [i  obseiTations.] 

P'Mon.  Dec.  28  [1772].     Th.  53.     N.  UJ. 

The  exjier.  tiied  in  same  manner  except  that  only  1  corner  of  the 
under  plate  rested  on  machine,  the  rest  being  supported  by  2  wooden 
pillars,  the  places  where  it  was  sup[iorted  being  nearly  under  wax 
supports. 

[15  observations.     Art.  668.] 

By  this  exper,,  plute  air  1  contains  1  inc.  eL  more  than  D,  plate 
air  %  '1  inc.  d.  less  than  1)  -t-  E,  and  plute  air  3,  lOJ  inc.  lesa  than 
D  +  E  +  F. 

Wed.  Dec.  30  [!772].     Tli.  55.     N.  15. 
L    The  Biijiports  of  plate  air  3  altered  and  called  plate  aii'  4. 
H  ri2  observations.] 

'   'One  of  tlie  pith  halls  was  destroyed  by  accident,  and  another  put 
n  its  room. 

The  plate  air  1  was  made  to  reat  intirely  on  machine. 

[3  obeervatiuDS.] 

By  this  exper.,  plate  air  4  eontiiina  1  inc.  el.  leas  than  D+E  +  F, 
filata  air  2,  1  inch  leas  than  E  +  F,  and  plate  air  1,  1  iuch  more  than  E. 
it  should  seem  aUo  that  tlie  wire  2Iin  contained  2  inches  leas  el.  when 
the  plate  rested  intiiely  on  the  machine  than  when  it  i-ested  on  it  only 
by  one  comer. 

The  thickness  of  these  plates  of  air  was  found  by  laying  these  plates 
an  bi-acket  fastened  to  dividing  machme"  with  or  without  wax  aupports 
between  them,  and  finding  the  division  at  which  the  new  machine  stood 
right,  the  knob  of  the  new  machine  resting  on  the  middle  of  upper  plate, 
»nd  the  under  plate  being  supported  under  the  was  supports.  By  t.hi^^^_ 
oilcans  the  tldckness  of  these  plates  of  air  were  as  follows  :  ^l^^^^l 

plate  _^^^^^^M 

k-288  ^^^^^^^M 
4511,                                           ^^^^^^^^M 
Z T^ 
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Some  experiments  were  made  by  pntting  bits  of  tinfoil  between 
the  plates  -whether  the  glasses  were  flat,  and  consequentlj  whether  the 
measures  thus  found  were  tnie.  It  seemed  as  if  when  the  plates  lay 
on  each  other  tlie  middle  of  the  coatings  could  not  want  more  than  *002 
or  '004  of  touching,  but  it  did  not  appear  that  it  wanted  so  much,  tnd 
it  seemed  as  if  the  outside  did  not  want  anything  of  tondung,  so  that 
the  above  measures  seem  pretty  just. 

The  diameter  of  the  coating  was  11 '4. 

The  above  coatings  were  taken  off  from  these  plates  of  glass,  and 
coatings  G'254  in  diameter  put  in  their  room,  these  with  the  small  vai 
su])ports  placed  betwee^n  them  is  calle;d  plate  air  5. 

N.B.  8  folds  of  the  tinfoil  used  for  these  coatings  was  found  to  be 
^^  inch  thinner  than  the  same  number  of  folds  of  that  uned  for  former 
coatings,  so  that  this  plate  air  is  about  '003  thicker  than  plate  air  4. 

The  coatings  were  also  taken  from  thin  rosin  and  coatings  4*535 
put  in  their  room. 

A  plate  of  pure  lac  was  also  pressed  out  *125  thick,  and  the  coatbgi 
used  before  for  thin  rosin  put  on,  which  wei'e  found  at  a  medium  4*23  id  \ 
diameter. 

Two  plates  of  dephlegmated*  bees  wax  pressed  out  the  year  before 
were  also  coated. 

N.B.  Tlie  bees  wax  was  heated  very  hot  in  dephlegmating,  anJ 
melted  with  gentle  heat  when  cast  into  plates. 

The  thickness  of  the  +i  •  u    ^   of  these  {)lates  was    «^* ,  and  tl» 

2*74 
diameter  of  their  coatings  n.^^.  ■ 

518]  Lac  plute  and  4***  rosin  comjyarcd  \cxth  D  +  E+F;  mho  thin 
wax  with  E  +  F ;  also  thick  wax  and  plate  air  b  with  D. 

Mon.  Jan.  4  [1773].     Th.  51.     N.  17. 

[23  observations.] 

By  those  exper.  Lac  plate  contains  H  ina  el.  more  than  D  +  E+F; 
4*^  rosin  from  3  inc.  more  to  2  inc.  less,  by  mean  much  the  same  as 
D  +  E  +  F  ;  thin  wax  4  inc.  less  than  E  +  F ;  tliick  wax  2  J  less  than  D ; 
plate  air  5  \  more,  and  1*  made  rosin  \  more. 

In  the  preceding  experiments  the  plates  of  rosin  kc,  were  exposed 
to  the  heat  of  the  fire  during  trials,  which  seemed  to  cause  an  irregulrfritr. 
To  avoid  that,  in  the  following  days'  experiments  the  plates  were  laid  on  ,' 
table  at  same  distance  from  fire  as  the  machine  for  some  time  before  thev 
were  tried,  and  a  screen  was  placed  between  all  of  them  (except  plate  air) 
and  fire  while  trying. 

519]  Lac  and  4*  rosin  with  D  +  E  +  F ;  also  Mn  wax  with  D  +  E ; 
also  thick  war.  2"**  rosin  and  1"  made  rosin  and  plate  air  5  tpith  F. 

•  [Art.  875.1 


ELECTRIC   STRENGTH    OF    I.AC,    ROSIN   A\D    ' 


Tu.  Jan.  5  [1773].     Th.  50.     N.  17. 
[22  ol«ervfttioiis.] 

By  these  exper.  4"'  rosin  contiiina  from  2  inc.  more  to  2J  less 
"     F  ;  by  mean,  tlie  same  as  D  +  E  +  F. 
Lac  from  4  more  to  J  leaa,  by  meaji  2J  more  than  D  +  E  + 
Thin  wax  irota  4  less  to  1  less,  by  mean  2J  less  than  D  + 
Thick  wax  3  less  tlinn  F. 
2'"  roKJn,  1 J  less,  (ikte  air  5  J  more,  and  1"  made  roBin  sa 

N.B.     The  1"  made  ro?in  was  made  of  the  same  proporti 
oa  the  otliers,  but  not  of  the  same  parcel :  it  i: 
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520]     Srfakinff  of  electricity  through  thin  plaUt  of  lac,  Krptr.  rtuin 
ftpfwJ  dephleg.  hea  wax. 

Thin  plates  were  pressed  out  of  lac,  experimental  roain  and   de- 

■.pblegniBted  bees  wax,  very  thin  at  rine  end  and  thicker  at  the  other. 

{^The  tinfoil  was  stript  from  one  Hide  of  thee  plates  but  the  other  left  on, 

t  fastened  to  a  piece  of  glass  with  gum  water,  aud  a  piece  of 

isfoil  fastened  to  the  under  eiide  of  glass  communicating  with  the  other. 

These  plates  were  placed  on  [the]  negative  side  of  the  machine  with 

3  8  bearing  against  bottom  and  a  flat  piece  of  bntsa  at  top  on  which 

Hre  jS  was  suffered  to  rest.     The  machine  was  electrified    in  usual 

decree,  and  the  bit  of  brass  shifted  from  thicker  to  thinner  part,  till 
the  electricity  broke  through  the  plate  and  discharged  the  jars. 

A  piece  of  the  plate  with  the  tinfoil   under  it   was  then  out  out 

of  the  size  of  the  brais  plate,  as  uear  as  possible  to  the  place  where  the 

electricity   broke  through,   and  the  thickness  of  the   plate   found    by 

weigliing  it  and  also  the  tinfoil  after  the  plate  was  separated  from  It. 

The  tliicliness  of  the  pUtes  thus  found  was  as  followst.  the  specific 

•  [See  Art.  348.     The  iiiohes  ot  eleclrieitj  are  circular  incliec.  and  to  redooo 
tbem  to  globular  inohes  must  lis  mnltiplied  b;  12'1,  the  diameter  of  globe, 
divided  by  18'8,  tlie  diameter  of  a  cirrle  whicli  lias  the  samo  obarce.    Tlie  i 
puted  power  here  is  tbo  squarn  of  the  liiameter  divided  by  the  thiclinesR,  and 
miut  be  multiplied  by  S  to  get  Ihe  computed  poner  as  deSiicd  in  Art.  Bll,] 

t  [With  tbe  "  nsaal  degree  of  electrification  "  Lane's  electrometer  discbuged 
■04  ineh.  See  Art,  329.  Tlie  eleolrio  BirenHib  of  na»,  roein,  aurl  Iiw  if  -i."-*- 
■bonl  rtirce  tinea  that  of  air.] 

IT 
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/wax  ^  ,    .  (  -955 

gravity  of  |j^n|  4-^,  |l;06^ 


wax  at  1"*  place  0130 

2-*  -0123 

rosin  -0131 

lac  -0143 

521]  Tlie  quantity  of  dectricUy  in  a  Florence  flask  tried  with  emd 
ivithoiU  a  magazine. 

The  quant  el.  in  a  Florence  flask  was  tried  hj  putting  it  on  negatiFe 
side,  and  some  of  the  jars  &c,  on  the  other,  the  battery  of  6  Florence 
flasks  being  used  instead  of  the  jars. 

With  the  1",  2"*,  3"*  jar  with  sliding  plate  6-40  sep.  n^.  rather  more 
than  1  diam. 

4  jars  +  white  cyl.  sep.  a  little  pea. 

1,  2,  &  3  jars  +  6-48  D"  neg. 

Sat.  Jan.  Tli.  56.     N.  19. 

The  same  thing  tried  again  in  same  manner 

with  the  4  jars  and  white  cyl  sep.  about  1  diam.  pos. 

with         1,  2,  »k  3  jar  D°  neg. 

4  jars  +  white  cyl.  D*  pos. 

Tried  without  mag. 

With  4  jars  and  white  cyL  sep.  at  1"*  about  1  diam.  but  soon  closed, 
with     1,  2,  &  3  jiir  sep.  a  good  deal  neg. 

with  1,  2,  &  3  jar  +  wli.  cyJ.  -f  gr.  cyl.  2  after  a  time  sep.  near  1  diam. 
With  4  jars  and  the  2  cyl.,  sep  at  1**  a  good  deal,  after  a  time  sep.  about 
1  diam. 

Sun.  Jan.  Th.  56.     N.  21. 

A  coating  of  tinfoil  to  a  part  of  the  Florence  flask  out  of  water. 

With  4  jars  +  wh.  cyl.  +  gr.  cyl.  2  sop.  rather  more  than  1  diam. 

The  case  was  much  the  same  whether  wire  was  suflered  to  rest  at 
bottom  2"  or  3",  or  less  than  1". 

With  4  jars  +  wh.  cyl.  +  6-16  sep.  less  than  1  diam. 
With  1,  2,  &  3  jai-s       +6-16       D»  neg. 

Without  mag. 
With  4  jars  sep.  a  little  nog.,  increased  after  a  time  to  ftill  1  diam. 

By  the  1"^  night's  experiments  the  flask  contains  12126  inc.  eL 
by  the  2~»  11694 

and  by  the  3**  ^  11495 

Without  magazine  by  2"^  night  it  contained         13205  inc.  el. 
The  true  quantity  is  supposed  1 1 700 


123] 


FLASK   CHARGED   A   LON'O  TIME. 


201 


622]     Computed  pou>«r  of  above  fiaak. 

The  diameter  of  the  flaak  at  the  anrface  of  (lio  water  in  tin 
Ui  on  Suturduy  was  1'7  ;  the  height  of  that  piirt  above  the  bottom  6-1  ; 
ke  height  of  top  of  tinfoil  coating  above  bottom  6'55;  and  the  dia- 
leter  of  that  place,  '68;  and  the  oii-oumforence  at  the  widest  part  13. 

The  weight  of  that  pnrt  under  water  was  1 ,.  3 ,.  7  *,  and  that  of  the 
irt  between  that  and  the  top  of  coating  waa  2 ..  4. 

If  the  aplioroid  ogdrA  does  not  differ  much  from  a  sphere,  and  ab 
doea  not  differ  much  from  ad,  the  surface 
a/ea  is  nearly  equal  to  the  circnmference 

,     ^ab  +  gm     ,     ^^V^f^  . 

of  ym  «  a6  X  -         ■     ,  the  -jihickneaa     of 
(comp,  pow. 


•i<A 


the  part  under  water  was -J-0127,  and  that 
(  6200 
(5-3 
of  the  tiart  above  \  Ol"!),  and  the  comp. 

jwer  of  the  whole  part  below  top  of  coating  6575,  the  specific  gravity 
r  the  glass  being  supposed  2-6S. 

Therefore  inc.  el.  by  comp,  pow.  =  1 78, 

523]  As  it  appears  from  the  above  e7t|ierimBnta  that  the  Florence 
uk  contains  more  eiectricily  wiien  it  coiitiiiueB  charged  for  a  good 
'bile  than  when  charged  and  discharged  immediately,  it  was  tried 
whether  the  white  glohoa  would  do  the  aame. 

This  waa  done  by  pntting  the  gloTie  3  on  positive  side  and  the  white 
cylinder  and  trial  plate  6  on  negiktive  side,  and  first  charging  and  dis- 
charging them  in  the  common  manner,  and  then  discharging  the  ma- 
giuine  and  charging  it  agiiin,  while  the  end  e  of  the  wire  Ce  rested  oa 
Bb,  while  the  end  0  was  prevented  from  resting  on  Aa  by  a  silk  string. 
When  the  mngazine  was  charged,  and  had  continued  so  for  a  little  time, 
the  end  C  was  let  down  on  Aa  and  the  wire  Cc  imme<littl«ly  drawn  up 
again  so  as  to  discharge  the  globe  Jsc     The  event  was  as  follows, 


1  way,  wli.  cyL  +6  —  20  sep.  i 

globe  elect  first,  +  fi  -  24  P". 

in  common  way,  +  C  —  47  D°  ncg, 

globe  elect  first,  +6-48  D". 

By  these  e:(perimente  the  glolie  contains  45  inc.  eL  tf 
when  electrified  in  tlie  common  way  than  when  charge' 
which  is  as  much  as  is  contained  in  1  inch  in  length  dC 
of  the  neck  (the  whole  neck  being   IJ  inches),  so  t 
exjteriment  exact  it  seems  aa  if  the  globe  contained 


poa. 
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tricitj  wLen  it  continued  charged  a  considerable  time  than  when  charged 
and  discharged  immediately^. 

524]     Diminution  of  shock  by  passing  through  differenJt  /i^ieorvt* 

Tried  in  November  [1772]. 

The  electricity  was  made  to  pass  through  42  inches  of  a  saturated 
solution  of  sea  salt  in  a  thermometer  tube  of  a  wide  bore,  and  the  two 
jars  charged  in  such  manner  as  that  a  slight  shock  should  be  felt  in  [the] 
elbows :  it  was  then  made  to  pass  through  rain  water  in  a  tube  of  a  rather 
greater  capacity,  and  the  electricity  made  rather  stronger.  The  wir» 
were  obliged  to  be  placed  within  '18  of  each  other  in  order  to  feel  the 
shock  in  the  same  degree.  Therefore  the  electricity  meets  with  more 
than  230  times  the  resistance  in  passing  through  rain  water  than  salt 

The  above  jars  were  electrified  till  light  paper  cylinders  began  to 
separate,  and  the  shock  made  to  pass  through  a  tube  filled  with  rain 
water.  The  wires  were  obliged  to  be  brought  within  *48  inches  of  each 
other  in  order  that  the  shock  should  be  just  felt  in  the  elbowa 

When  the  same  tube  was  filled  with  saturated  solution  of  sea  salt 
diluted  with  29  its  bulk  of  rain  water,  a  much  greater  shock  was  felt 
when  the  wires  were  at  16^  inches  from  each  other. 

Therefore  electricity  meets  with  much  more  than  34  times  the  re- 
sistance from  rain  water  than  from  a  saturated  solution  of  sea  salt  with 
29  of  rain  water. 

When  the  same  tube  was  filled  with  kitchen  salt  in  1000  of  rain 
'water,  the  wires  must  be  brought  within  4*4  inches;  with  pump  water 
within  2  inches,  and  with  spirit  of  wine  almost  close;  therefore  the 
resistance  of 

a  «  14.  •     n^A  ^^    ^-         X    >  is  -In^  less  than  that  of  rain  water. 
S.  salt  m  1000  of  ram  water)       (9 

Mon.  Nov.  16  [1772]  with  straw  electrometer.  With  sea  water  a 
shock  was  felt  when  the  wires  were  19^  inches  distant ;  with  rain  water 
when  they  were  at  about  '19  inches  distant  Therefore  resititauce  of  sea 
water  is  about  100  times  less  than  that  of  rain  water. 

O 
d n D   ^___J>__ 

Z^L. \    '.       


O  0 

525]     Exper.     WhetJier  force  with  which  two  bodies  repel  is  as  square 
of  redundant  fluid  in  themX. 

*  [Theso  phenomena  are  oonneoted  with  the  *  residual  charge.*  A  careful  iuTestiga- 
tion  of  them  has  been  xnade  by  Dr  Hopkinson,  PhiL  Trans, ^  Vol.  167  (1877),  p.  590.] 

t  [This  is  the  first  experiment  on  electric  resistance.] 

*  [Arts.  8ft«,  fifiS,  567.] 


f  5S5]  REPULSION   AS  B»3UARE  OF   EEDC.VDAST   FLUID.  20.1 

Ti-ied  by  pith  btills  bung  b^  tlireaJs. 

A  and  J5  are  Uic  ooitteil  platea  A  itnil  B,  the  bottoina  of  which  com- 
miinicute  with  the  grouud,  J)  and  li  are  two  bits  of  wood  resting  on 
them,  supjjorting  the  ])ith  bulls  £  aiid  e.  G  is  a  bit  of  wood  for  making 
H  commiiiucatioa  between  them.  The  wire  for  electiifyiug  the  plates 
resta  on  B,  and  is  bo  contrived  that  when  that  la  lifted  up  the  wood  G 
ia  let  fall  on  the  plates. 

The  pith  balls  E  had  bits  of  wire  made  to  run  into  them  in  order 
to  increase  their  weight. 

A  paper  with  divisiioiia  was  placed  6  inches  behind  the  pith  balls 
snd  a  guide  for  the  eye  30  inches  before  them. 

Tiu  Oct.  26  [IT 7 3].     Tb.  60.     Com. -6J.     N.  21^. 


The  two  balls  and  strings  together — the  weight  of  one  of  the  atringH 
weighed  1  '05  gr.,  the  weight  of  the  string  about  ■05,  the  weight  of  the 
two  wires  together  was  3-2. 

When  the  wires  were  taken  out  of  the  bulls  E,  and  a  communication 
made  between  the  two  plates,  while  the  electi-liying  wire  rested  on  Jl, 

then  when  balls  e  sep.  Ji  J^at  b.ills  E  acp.  {i.ii  ■ 

The  wires  were  put  into  balls  E  and  the  jars  electrifieil  while  the 
eleclrifjing  wire  rested  on  B.  When  the  bulls  E  sep.  13  inc.  the 
electrifyiiig  wire  was  lifted  up  and  the  electricity  of  the  plates  taken 
away,  immediately  after  which  the  electrifying  wire  was  let  down  and 
immediately  drawn  up  again  when  the  balb  e  separated  to  1'44.  The 
electrifying  wire  being  then  let  full  on  £  and  suffered  to  remain,  the 
balls  E  separated  to  l'I4. 

The  jara  were  charged,  and  the  electricity  diminished  by  altemately 
drawing  up  and  down  the  electrifying  wire  and  diachargiiig  the  elec- 
tricity of  the  plat«3  till  the  balls  e  separated  to  1  '2 ;  then  letting  the  elec- 
trifying wire  rest  on  M,  the  balls  E  separated  to  108. 

Wed.  mora.  The  new  heavy  electrometer  ma<le  with  large  wood 
f>all  and  pith  ball  separates  when  the  lislls  E  8<'|parate  to  1-53,  and  new 
light  electrometer  Kejmi-ates  wht-a  the  balb  e  aqMiiate  to  1--1-1. 


I 


When  halls  e  separate  to  1-44,  balls  £aeparate  to  ■96. 

The  new  heavy  electrometer  above  mentioned  aepatat"" 
tch  when  old  light  cylinder  electrometer  jiut  £e[>arBte«. 


EeeuU  oj  thetc  erperinuntg. 

Balls  B  without  weight  (ie['anitfl  ,'(  fjirthpr  thKn 
le  degree  of  electrification. 
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1'22 
If  balls  separate  ^  .^g  with  1  part  of  redundant  fluid,  balls  of  ^  wei^t 

separate  ^  .or  with  ^  part  of  redundant  of  fluid. 

If  balls  of  given  weight  separate  1  '5  with  given  d^ree  of  electrifi- 
cation, balls  of  4  times  weight  separate  '96,  therefore  if  balls  of  given 
size  are  electrified  in  given  degree,  the  distance  to  which  they  separate. 

is  inversely  as  ^  power  of  their  weight. 

Therefore,  in  last  paragraph,  if  balls  of  given  weight  separate  ,  ,05 1 

1*9  1'22 

balls  of  ,  p.y  their  weight  will  separate  to  1  ,ao  ,  therefore  if  balls  of 

given  weight  with  given  quantity  of  redundant  fluid  separate  to  §^ven 

•475 
distance  balls  of  .099  ^^^  weight  separate  to  same  distance  with  half 

that  quantity  of  redundant  fluid. 

626]  Whether  the  charge  of  plate  E  hears  the  same  proportion  to 
that  of  anot/ter  body  whether  tlie  electrification  is  strong  or  tceak:  tried 
by  machine  for  Ley  den  male. 

Wed.  Oct  27  [1773].    Th.  61.     Com.  8J.     N.  20^. 

Plate  E  of  Naime  on  neg.  side  against  sliding  tin  plates  placed  at 
end  of  long  wire  [20  observations]. 

Result.     Therefore   with  light  electrom.   the  plate  E   is  balanced 

.1403  +  817  --- 

by  a  square  of j: +  a;  =  1 1  -1  +  .r, 

-.1,1,           1  v    10-09 +  12-33  --  ^, 

with  heavy  el.  by +  a  =  11  -21  +  a;, 

10-59  +  11-23  ,^^, 
+  a;  =  10-91  +  a. 

The  plate  E  is  balanced  by  37  inc.  el. 

527]  PUnn  xoax  and  3"*  deplilegmated  wax  with  E  +  F  and  5"*  rosin 
witfi  double  plate  A  and  B.  Also  small  ground  croion  with  D  +  E  +  F, 
atid  large  do.  with  C. 

The  coatings  were  taken  off*  from  4*^  rosin,  and  coatings  1-79  iuc. 
diam.  put  in  their  room.     This  is  called  b^^  rosin. 

A  plate  of  dephlegmated  bees  wax  was  also  made  [-120]*  iuc,  thick 
and  coatings  put  on  3*525  inc.  in  diam.  This  is  called  3  dephlegmated 
bees  wax. 

A  plate  of  plain  bees  wax  was  also  pressed  out  [-119]*  inc.  thick 
Hud  coatings  put  on  3-475  inc.  diam. 

*  [These  measures  are  left  blank  in  the  Journal.     I  have  supplied  them  from 
Art.  371.] 


LIGHT   ROUND  EDGE  OF  COATIXO.  20o 

A  piece  of  tliiek  crown  glass  waa  procui'ed  from  Naime  about  -26 
thick  and  grouDd  down  eqnalJy  on  both  siJea  to  about  '07  inc.  thick. 
Two  circular  coatings  were  put  on,  one  3'54  inc.  in  diam.  the  other  2-035. 

Wed.  Jan.     Th.  56.     N.  27J  [16  observations] . 

52S]  K,  L  and  M  cotnpatvd  u>if.h  D+  E  +  F  at  distance  and  eloie 
together;  atso  large  ground  ermcn  tHlFt  C  and  small  one  vn,lh  D  -♦-  K  +  F ; 
hIm  3rd  dephleymated  wax  and  plain  wax  with  E  +  F;  aim  5th  rosin 
u-ith  double  B. 

Fiiday,  Jan.  29[1773].     Th.  3^.     N.  16^. 

Tried  with  Biiddte  8i7«d  cork  balls  and  a  new  white  large  trinl  [jlate 
[18  observations.     Art.  656]. 

529]     K  +  !.-»-  M  compared  teit/i  A,  B,  awl  C ;  also  A  +  B  +  C  mtJt  H, 
Sat.    Jan.    30   [1773].      Th.    50^.      N.    IGJ.       [20   obserratioiia. 

Art.  657.] 

fi30]  K  +  L  +  M  compared  with  B  vnt/i  electrtjication,  of  differeni 
atrtngths. 

Sun.  Jan.  31  [1773].     Trial  plate  F  enlarged. 

[14  observations  with  light  and  heavy  electrometer  alternately. 
Art  656,  658.] 

631]  K  +  L  +  M  with  A,  B,  a^id  C;  fl/«  I>  +  E  +  F  wiUi  K,  L,  and 
tli;  also  tmall ground  crown  icillt  K,  lj,and  M;  and  D  -t-£-t-F  and  large 
ground  croton  toiUt  A,  B  and  C  and  K  +  L  +  M. 

Hon.  Feb.  1  [1773].    Th.  48.     N.  16. 
[20  observations.     Art  657.] 

532]  Oil  UgfU  visible  round  edjes  of  coated  plates  on  cliargijig 
l/tem*. 

Mod.  Feb.  1  [1773].     Th.  48.     N.  16. 

Some  coated  gla^s  pUtes  were  placed  on  pos.  side  and  electrified  in 

\is\xal  niimner  in   dark  room   in   order  to   aee   whether  any   light   Wat* 

V    visible  round  tbeir  edges.     With  the  plates  M  and  L  of  Nnii-ne  and 

^with  the  small  ground  ci-own  gluss  a  light  was  visible  round  tlie  edges 
when  tha  light  electrometer  was  used,  and  nearly  equally  ho  with  the 
large  ground  crown  glass.     The  light  seemed  of  the  2  rather  stronjcer 
with  the  plate  F  and  A  of  Nairne ;  no  light  was  viMW" 
electrometer  was  used,  but  it  was  with  the  heavy  electron 

533]     Crown  A  and  0  and  larg«  growul  croion  wi 

Cmattd  waXf  plain   wax   and  elidituj  jilale    3    \ei 
e  plates  with  E,  F,  and  D. 


I 
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Mon.  evening.     Th.  53.     N.  15.     [25  observatiooa.     Art  655.] 

5341  Charge  of  the  triple  plate — the  three  pUUea  A,  B  and  C  plaeei 
over  earn  other,  with  bits  of  had  between  coatings*. 

The  three  plates  A,  B  and  C  were  placed  over  one  another  with  the 
coatings  nearly  perpendicularly  over  each  other,  with  bits  of  lead  between 
them,  so  as  to  keep  them  at  the  distance  of  f  inches  from  each  other. 
This  compound  plate  was  tried  in  the  usual  manner. 

Tu.  Feb.  2  [1773].    Th.  50.     N.  17|.     [9  observations.    Art  677.] 

535]  Whether  the  charge  of  plate  D  bears  the  same  proportion  to 
that  of  anotJier  body  whether  the  charge  is  strong  or  toeak :  tried  with 
nMchinefor  Leyden  vials  X^     [Art.  664.] 

Th.  Feb.  4  [1773].    Th.  48J.    N.  13J. 

Tried  with  smallest  cork  balls  and  the  light  straw  balls  as  electro- 
meters. 

The  plate  D  placed  on  the  neg.  side  and  the  sliding  tin  plates  at  2Z\ 
inc.  dist.  from  wire. 


Div.  on 
e][ectrometer]§. 

Div.  on 
sliding  plate. 

Side  square 

equiv.  to 

trial  plate. 

Diff. 

Sum. 

1  +  3 

2-   2 
4     17 

Bpp,  neg. 
L>"  pos. 

10-09 
16-70 

6-61 

26-79 

Tin  plates  at;  17i  inches  dist. 


1  +  3 
3  +  1 
1  +  3 
3  +  1 


4 
2 
3 
4 
4 
2 
3 
4 


18J 


1^ 
15 

18i 

5 

1 
15, 


D'  pos. 
D*'  neg. 
D*'  neg. 
D*^  pes. 
D^  pos. 
B^  neg. 

D®  pos. 


17-42 
11-54 
12  06 
15-68 
17-42 
11-54 
12  06 
15-94 


5-88 
3-62 

5-88 
3-88 


28-96 
27-74 
28-96 
28-00 


3  +  1 
1+3 


The  same  repeated  with  neg.  elect. 


4-15 

3  U 
2   4; 

4  17; 


DO 

D«  neg. 
D« 
D^pos. 


15-68 
12  06 
11-31 
16-94 


•  [Art.  880.] 
:;:  [Art.  856,  66 i.] 


3-62 
5-63 


27-74 
28-25 


•^  [So  in  MS.] 

d  [Divisioni  and  quarter  diviiiions.] 
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H         536]     H  with  tl'Ut  and  a  cToiim  glass  wM  oblmiff  coatiruf  wmpared 

■  v>ith  vmie  cylinder;  also  A  and  C  icith  slits  compared  vdth  B. 

The  coatings  vere  taken  off  fi-om  the  plates  A,  C  aiid  H,  and  oblong 
coatings  with  slits  ])Ut  ia  their  room ;  an  oblong  coating  without  slits 
was  also  put  to  a  piece  of  crown  glass,  vide  Muaaures  [Art.  593], 

Tu.  Feb.  9  [1773].     Th.  50.     N.  12^.     50  obaervatlona.     Art.  660. 

These  plates  were  tried  with  midtlle  cork  bnlls, 

Spreadinff  of  el.  on  surf. 

A  ic  C.     BjIIs  at  first  sep.  wider.     Closed  in  about  10". 

B.  "D",   but  ratber  sooner.     Aa  it  wus  supposed  that  this  pro- 

ceeded from  the  wires  not  conducting  ready  enougb,  the  machine  was 
moved  slower,  there  was  then  but  little  of  tliis  and  B  w&s  a  great  while 
before  it  closed,  C  about  5",  H  a  great  while. 

It  was  suspected  that  this  increase  of  separation  of  the  balls  before 
they  closed  was  owing  to  the  wire  designed  to  carry  off  el.  to  earth*  not 
conducting  fast  enough.  To  try  this,  the  next  eveuing  a.  long  wire  was 
insulated,  and  the  cork  balls  bung  to  it.     It  was  electrified  sufficiently 

tto  make  them  sep.  about  an  inch.  They  closed  instantly  on  touching 
the  wire  with  a  bit  of  iron  either  communicatiug  with  wire  for  cariying 
off  el.  to  ground,  or  whether  it  was  only  held  in  the  hand.  The  air  was 
W  dry  aa  the  ni^ht  before. 

537]  Crovm  writh  slits  and  H  with  C  compared  wilh  tckile 
e!/linder;  and  A  and  C  with  ohlonys  compared  leilh  Bf. 

The  coatings  were  taken  oH  from  the  plates  A  and  C  and  oblong 
coatings  without  slits  put  in  theii-  room.  The  coatings  were  also  taken 
&0U1  the  crown  glass,  and  oblong  coatings  with  slits  like  thoGe  put  to  C 
j)Ut  ia  their  room. 

Fr.  Feb.  12  [1773].     Th.  49.     N. 

[34  obsen-atjons,  Art  6G0,] 

538]  Experiment  of  p.  CI  [Art.  535]  tried  tcilh  small  ball  bloicn 
to  Ihs  etid  of  a  thermometer  tabs. 

r  A.  ball  ratber  lees  than   ^  inch  diam.  was  blown  at  end   of  glass 

■  tnbe  and  was  coated  on  outside  with  tinfoil,  the  inside  being  tilled 
I  with  9  ■  This  was  used  instead  of  plat«  D  in  exper.  to  see  whether 
r  chaise  of  Leyden  vial  bore  the  same  proportion  to  that  of  another  Imdy 

whatever  force  it  was  electrified  with.  It  waa  found  that  12  inches  of 
tliis  tube  when  coated  contained  as  much  el.  as  E  ■<-  ^^  D,  and  therefiwe 
the  spreading  of  the  eL  -^  inch  on  surface  of  this  tube  increases  its  charge 
by  -rjD,  whereas  the  spreading  of  el,  ^  on  surface  of  D  i 

charge  by  ^  P. 
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[539 


Th.  49.     N.  13|.     Tin  plates  at  17  inches  from  wire. 

With  electrometer  at  1  +  3. 


Div.  on 
sliding  plate. 


4 
3 

3 

4 


22 
H 

6 

19^ 


sep.  about  1  diam.  pos. 
D°  neg. 

With  electrometer  at  3  +  1. 


Equiv.  to 
trial  plate. 

19 
131 


Diff. 
5-9 


Snm. 


321 


14-3 
17-9 


3-6 


32-2 


Fringed  rings  on  pUUe  of  croum  glass  d:c.  ♦ 

Sat  Feb.  13  [1773]. 

It  was  foiind  on  looking  at  the  plate  of  crown  glass  that  there  were 
narrow  fringed  rings  of  dirt  all  round  the  edges  of  tibe  coatings,  the  space 
between  these  rings  and  the  coating  being  clean.  This  was  supposed  to 
be  done  by  the  explosions. 

The  distance  of  these  rings  from  the  edge  of  the  coating  seemed 
neai'lj  the  same  both  within  the  slits  and  without,  but  of  the  2  aeemed 
less  within  the  slits.  The  mean  distance  seemed  about  '105  ina  which 
seems  to  shew  that  the  electricity  spreads  pretty  nearly  the  same  both 
within  the  slits  and  without 

Something  of  this  kind  has  been  frequently  observed  in  the  sliding 
trial  plate  1  and  sometimes  I  believe  in  some  of  the  coated  glass  plates. 

Sun.  Feb.  14  [1773].     Th.  49.     N.  17.     Last  exper.  repeated. 

[At  1+3,  Sura  =  29-6,  at  3  +  1,  Sum  =  28-3.  Plate  D  gave  2G  and 
27*5  resi>ectively.     See  Art  664.] 

539]  Experimefiit  to  determine  whether  the  charge  of  a  Leyden  vial 
hears  the  same  proportion  to  that  of  anotJver  body  xchen  elect,  is  very 
weak  as  when  it  is  strong^, 

A B  IS  2k  tin  cylinder  14  feet  8*7  inches  long  and  17*1  inches  in  cir- 
cumference. DC  is  a  brass  wire  37*1  inclies  long  and  '15  in  diameter; 
both  supported  by  non  conductors;  with  the  middle  sized  cork  balls  hung 
atZ>. 

FE  communicates  with  the  prime  conductor  and  is  charged  till  light 
paper  elexrtrometer  separates.  A  brass  wii*e  is  sus{)endcd  by  silk,  so  as  to 
be  made  alternately  to  touch  E  and  DC, 

Mon.  Feb.  15  [1773].     Th.  65.     N.  22. 

The  cylinder  AB  and  wire  DC  were  electrified  negatively  till  the 
balls  separated  about  1  diameter.  On  touching  DC  twice  with  the  wire, 
the  corks  sei>arated  about  as  much  ix>sitively. 

The  wire  was  27*6  inches  long  and  '15  in  diameter. 


•  [Art  80«.] 


+  [See  Arts.  858,  866,  and  Note  85.] 


540]   ' 
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The  cylinder  AB  was  then  taken  away  and  the  plates  D  and  E 
placed  under  the  wire  DC,  The  wire  was  obliged  to  be  changed  for  one 
20*8  inches  long  to  exhibit  the  same  phenomenon.     [See  Art  666.] 

Til  Feb.  16  [1773].     Th.  67.     K  20. 

Same  exper.  repeated. 

Cylinder  touched  twice  with  wire  31  inches  long;  changed  from  about 
1  diam.  neg.  to  D°  pos. 

D  and  E  with  wire  24    inches  D^ 
cyl.  with  wire  31       D°. 
cyl.  with  27i  did  not.     [See  Art.  666.] 

540]  Lan^a  electrometer  compa/red  with  straw  and  paper  electro- 
meters. 

In  the  afternoon.  Th.  56|.  N.  19.  I  tried  the  distance  to  which 
the  spark  would  fly  by  Lane's  electix)meter. 


Diyisions  on 

Distance. 

electrometer*. 

[Lane.] 

0+    5 

Knobs  touched 

0  +  48 

•027 

1+    5 

•038 

1  +  15 

•044 

1+20 

•047 

1  +  25 

•051 

1  +  27^ 

•053 

1+   5 

•038 

25+28 

knobs  at  '965  inc.  dist. 

li^] 


[ReToIutions  and  60*^  parts  of  a  reTolntion,    O 


Straw  eleot  aeii.    1  +  3 
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541]  Crown  and  H  with  slits  compared  with  white  cylinder;  also 
on  the  excitation  of  electricitt/  by  separating  a  brass  plate  from  a  glass 
one. 

Wed.  Fob.  17  [1773].    Th.  55.     N.  21.    [6  observationa,  Art  660.] 

Fr.  Feb.  19  [1773].    Tb.  53^.     N.  18 ». 

A  plate  of  glass  \\\  inches  squai'e,  coated  with  tinfoil  8  ina  in 
diameter,  was  supported  on  waxed  glaRS.  A  brass  plate  8  ina  in  dia- 
meter was  supported  over  it  by  silk  strings  in  sucli  manner  as  to  lye 
on  the  plate  perpendicularly  over  the  tinfoil,  and  to  be  drawn  up  till 
it  touched  a  piece  of  wire  supported  on  waxed  glass  with  the  middle 
sized  cork  balls  suspended  from  it.  This  was  done  in  order  to  see  how 
much  of  the  charge  of  the  plate  was  contained  in  the  coating. 

It  was  found  that  though  the  plate  was  not  electrified,  yet  on  lifting: 
np  the  brass  plate  the  balls  separated  some  inches  if  the  tinfoil  commu- 
nicated with  the  ground,  but  if  it  did  not  communicate,  the  balls,  as 
well  as  I  remember,  separated  considerably  less.  Some  bits  of  thin  silk 
thread  were  placed  between  the  glass  and  brass  plate. 

In  the  afternoon.     Th.  54.     N.  17|. 

The  experiment  repeated  with  bits  of  card  between  the  glass  plate 
and  brass. 

When    tinfoil    •!,.,      ,' >   with  ground,   balls  sep,    about 

(did  not  commun.j  o         •>  i" 

7  inch. 

When  there  was  nothing  between  the  glass  and  brass  plate,  they  scp. 
1  *4  inc.  whether  the  tinfoil  communicated  with  the  ground  or  not. 

In  all  these  cases  the  brass  plate  was  negative. 

The  glass  plate  was  found  to  be  poa  if  the  tinfoil  did  not  communi- 
cate with  the  ground,  but  I  could  not  i)erccivc  it  to  be  at  all  electrified 
if  it  did  communicate. 

The  next  morning  the  experiment  was  repeated,  but  the  balls  sepa- 
rated much  less  than  before.  The  temper,  of  the  air  was  much  the 
same. 

542]  It  was  tried  whether  when  three  tin  plates  1  foot  square  were 
placed  near  to  and  parallel  to  each  other,  the  line  joining  their  centen 
being  perpendicular  to  their  planes,  the  middle  plate  would  receive 
much  electricity  on  electrifying  the  plates*. 

The  experiment  was  tried  with  the  same  a]>paratus  and  nearly  in  the 
same  manner  as  the  experiment  with  the  globe  f,  except  that  the  two 
outer  plates  were  suspended  by  two  sticks  of  waxed  glass  turning  on 
hinges.  The  wire  too  by  which  the  plates  were  electrified  was  made 
so  as  to  touch  all  three  plates  at  the  same  time.     Four  bits  of  scaling 

•  [Exp.  VIII.,  Art.  2R8  nnd  Note  2X\  +  [Art.  218. J 


{ 


541]  TRIPLE   PLATE.  S7l 

was  were  stuck  to  the  middle  pinto,  two  on  eaoh  Bide,  to  prevent  the 
outer  plates  coming  too  near. 

Sun.  Feb.  21.     Ti.  supposed  about  55.     N.  201. 

If  the  bits  of  souUng  wax  were  of  euch  size  that  the  distances  of  the 
outer  plates  were  about  ji.gK.  *^s  middle-siied  cork  boUa  separated 
about  \  ?, , 

Tlie  light  paper  electrometer  was  used  in  this  experiment.  If  tho 
globe  2  was  electrified  in  the  same  degree,  and  its  electricity  coinmuDi- 
cated  to  J  ]  n  i.  A  ■  "■^^  ^^^  middle  tin  plate  electrified  by  one  of 
these  jars  (the  two  outer  being  drawn  aside)  and  the  cork  balls  then 
drawn  up  against  the  plate,  they  separated  about  |  f  . 

In  the  non  case  the  electricity  of  the  globe  was  dimiuislied  -  .  [times], 

and  therefore  when  the  outside  plates  were  ''t  ]]  .ae  i  the  quantity  of  elec- 

tiicitj  in  the  middle  plate  was  about  <f  of  what  it  would  Lave  received 
by  the  some  degree  of  electiili cation  if  placed  by  itself. 

643]  Charge  o/  A,  B,  and  C  laid  oj*  each  other  without  an^/  coai- 
ings  betvxtn;  alto  eltarge  o/ 1"^  thermomeUr  lube. 

The  coatings  were  taken  fi-om  the  3  plates  A,  B  and  C  of  Nnirne, 
and  the  plates  cleaned  and  placed  one  on  the  other  without  anything 
between  them,  and  stuck  together  by  dropping  some  melted  was  on 
the  edges.  The  outside  surfaces  were  then  coated  with  circles  66  inc. 
diam.     This  is  called  Triple  Plate*. 

A  thermometer  tube  was  coated  with  coatings  11  inch  long,  the 
inside  being  filled  with  9,  with  wire  let  into  one  end,  and  the  enda 
stopped  with  oement  The  tube  waa  12-7  inc.  long ;  weighed  1 ..  3 ..  0, 
and  the  bore  held  22  gra.  of  water,  the  specific  gravity  of  a  piece  of 

the  game  tube  weighed  twice  over  was  .  =  31. 

H.B,     The  comp.  pow.  of  this  tube  is  about  904. 

This  is  called  Tube  1  f. 

Moa.  Feb.  22  [1773].  Th.  53^.    N.  20J.   [Sol  Art.  C 75.] 

644]     Lnn^g    ttretrometer    compared    toith  'v- 

tr^tmetfT ;  aUo  charge  qf  plate  romn  tniih   hnua 
uprmding  nf  elteVrieity. 


I    — 
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Lane's  elect.  Eev[olutioiia.]  DiTpninii.] 

light  paper  just  sep.  when  [Lane's]  el.  at               1  13 

Straw  at  1  +  3                                                          0  54 

3  +  1                                                          1  36 

Knobs  touched  at                                             0  7^ 

A  plate  of  rosin  and  bees  wax  of  the  same  proportions  as  for  ezper. 
rosin  was  cast  of  the  shape  of  figure,  ABDG  and  ahod  being  bran  plates 


2*45   in.   diam.   their  distance  before  the  rosin  was  poured  in  being 
about  *12  inc. 

Tu.  Feb.    23  [1773]  in  afternoon,  the  rosin  plate  being  cast  that 
morning,  the  hygrom.  as  well  as  I  remember  being  about  22. 
[4  observations,  comparison  with  E.] 

Wed.  Feb.  24  [1773].     Th.  54.     N.  20.     [4  obserFationa] 
Spreading  of  electricity  on  surface. 
Rosin  closed  in  about  l'\  sep.  again  in  35. 
E  was  irregular. 

545]  Second  thermometer  tube ;  also  comparison  of  charge  qf  cy- 
linder used  in  [Art  539]  with  D  +  E. 

A  thermometer  tube  whose  length  was  22*1  inc.,  weight  =  2,  17,  21 
and  weight  water  which  filled  bore  14  gra.  was  coated  with  tinfoil  15-5 
long,  conseq.  comp.  power  =  *  the  spec.  gra.  of  a  part  of  the  same 

tube  being  3  243. 

Fr.  Feb.  26  [1773].     Th.  52.     N.  201. 

The  cyl.  used  in  [Art  539]  compared  with  the  plates  D  and  E, 
the  wire  3f7n  of  machine  being  drawn  out  to  39^  inche^s,  and  resting 
on  the  cylinder  as  in  that  experiment    A  sliding  trial  plate  on  ueg.  side. 

[6  observations.     See  Art  6C6.] 

546]  Chnrge  of  second  thermometer  tube;  also  that  of  rosin  plate 
with  brass  coating ;  also  that  of  A,  B,  and  C  laid  on  each  other  vnthout 
coalings  between.     [10  observations.     Art.  675.] 

The  same  things  were  tried  the  day  before,  Th.  65^  N.  17  J,  but  the 
wire  for  making  communication  between  machine  and  ground  was 
forgot  to  be  fixed.     [14  observations.     See  Art  666.] 

547] t  The  quant itj/  of  electricity  in  Plate  D  compared  with  that 
in  a  tin  circle  qf  36  and  another  of  30  inches  diameter  by  means  qf 

•  [So  in  MR.]  t  [ArtB.  356,  664.]    ' 
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CHAKQE  OF  HOSIN,   WARM   AND   COLD. 
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tlie  machine  used  for  comparing  eimple  plaleg*,  the  brUil  pints  being  a 
tin  cyliiuUr  inf/te»  lonff,  and  +  in  circwn/erenee,  /aafened  Co 

the  end  of  lite  nstial  sliding  trial  plates,  vfifli  utu/lltar  ci/linder  of  the 
aame  sire  sfvling  v>ith-in  it. 

Tritxl  with  elect  of  uaual  strength  and  with  the  middle  sized  corka 
Also  the  double  ])lat«  A  compared  with  the  circle  of  18J  inc. 
Wed.  March  3  [1773J.     Th.  66.     N.  21.     [16  obaervationa] 

SiSj     CJiarge  of  plate  of  experimsntal  rosin  designed-  for  compound 
~'3  q/  tfhias  and  rosin;  tried  both  wlieit  warm  and  tclteti  coldX. 

:[K>riDiental  rosin  near  3  incbea  Btjuare  wns  pressed  out 

IS  plutes  with  tinlbil   coatings  fastened  on  by  oil,  the 

BUch  that  it  required  reiy  little  weight  to  press  out  the 

tucknesa  of  tha  plate  was  much  less  toward  one  end  than  the 
!r,''Varying  in  different  parts  of  the  coated  plate  from  "137  to  -108, 
but  the  mean  thickness  was  122. 


It  « 


B  coated  with  circles  of  tinfoil  6'Gl  in.  diameter. 


It«  charge  was  conipai'ed  with  that  of  the  plates  K,  D  and  E  of 
aimc  by  muaaH  of  a  sliding  trial  plate  made  of  the  plate      t  of  Nainie. 
Sat.  March  6  [1773].     Th.  55J.     N.  17. 
Tr.  «1.  pi. 
K  +  D-i  - 


roa.  plate 


la  the  afternoon,     Th.  57J. 
TIM.  plate 

K  +  D+E 


24 

aep 

neff. 

19 

19J 

D" 

2H 

D° 

neg. 

N.  16. 

19i 

spp 

pos. 

25^ 

U" 

neg. 

19 


The  rosin  plate  was  then  warmed  befoi-c  the  fire  between  two  glass 
pUtes  with  flannel  between  them  and  the  roain  till  it  would  not  Btip|Kirt 
its  own  weight  without  bending.  Ae  soon  as  it  was  strong  enough  to 
Uiar  its  own  weight  it  was  comjuired  as  before. 

roain  plat«    I     SOJ     I     sep.  pos. 


26 


didn 


111  about  3  or  3  hours  after,  when  it  was  quite  cold  i 


L 


I>'n«fr 
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549]  WhetJiffr  charge  of  glass  plate  is  the  same  when  wxrm  <u  when 
cold. 

The  same  afternoon  the  charge  of  a  glass  plate  when  hot  and  cold 
was  compared  together  in  the  same  manner. 

The  glass  was  11^  inches  square,  used  for  ^pinns  experiment*  coated 
on  one  side  with  a  circle  of  8  inc.  diameter,  and  a  brass  plate  of  same 
diameter  used  for  the  other  coating. 

The  glass  and  brass  plate  were  both  heated  before  the  fire  till  almost 
as  hot  as  I  could  bear  my  hand  on,  and  then  tried  by  the  help  of  the 
6^  sliding  plate,  when  the  breadth  of  the  sliding  plate  was  required 
to  be  37  in  order  that  it  should  sep.  pos. 

After  the  plate  was  cold  it  was  tried  again,  the  breadth  of  the  slidiii^ 
plate  was  obliged  to  be  36. 

Hence  it  would  seem  as  if  the  charge  both  of  glass  and  ci  rosin 
plate  was  the  same  when  hot  as  when  cold,  the  small  difference  between 
them  being  most  likely  owing  to  the  electricity  spreading  more  on  the 
surface  of  the  warm  plate  than  of  the  cold  one. 


550]  Crown  with  slit  coatings  and  H  with  chUmg  compared  wUk 
white  cylinder  ;  also  second  ifiennometer  tube  with  D  +  E  +  F. 

The  slit  coatings  were  taken  from  H  and  plain  coatings,  6*03  squaie, 
put  in  thoir  room. 

Sun.  March  7  [1773].     Th.  56.     N.  15. 

Straw  elect  at  2  +  3,  which  is  equivalent  to  light  paper  electrometer 
[4  obs.].     Elect  at  3  +  1  [6  obs.].     Elect  at  1  +  3  [7  oba     Art  660} 

Mon.  Mar  8  [1773].     Th.  54.     N.  14J.     [4  obs.]. 

551]  Quantity  o/ electricity  in  plate  D  and  rosin  with  brass  eoatingt 
compared  vnth  tJuU  of  tin  circle  of  36"  and  one  of  30"  by  machine  fijir 
Prying  simple  platesf;  vnth  different  degrees  of  electriJicationX, 

Tu.  Mar.  9  [1773].     Th.  51.     N.  15. 

The  exper.  of  p.  78  [Art  547]  repeated,  only  using  square  tin  plates 
of  different  sizes  made  to  fasten  on  to  sliding  cylinder  instead  of  the 
sliding  trial  plates. 

The  tin  circles  and  the  square  plates  both  supported  on  silk. 
Straw  el.  at  inner  marks  N^  2. 

•  [Arts.  184,  841,  617.]  t  [Art.  240.]  J  [Art.  664.] 


653] 


COMPOUND   PLATE. 


\ 


El[ectroniciter]  at  outer  marks. 


D". 

D"  neg. 
D". 

D"  pos. 
D-'pos. 
X)"  neg. 


4 


21 
24 


D'poa 
D"  neg. 

ly. 


The  electricity  was  found  to  brenk  tliroiigli  the  rosin  plate  when 
electrilied  with  this  strength,  but  there  waa  no  hole  maile  in  the  plat«, 
as  it  wna  found  not  to  bi-eak  through  after  that  with  the  weak  degree 

Iof  eltwtrification.     It  seemed  not  to  paai  over  the  surface,  as  no  light 
W&B  perceived. 
1 
bet. 
with 
with 


r552]     Cfiarge  of  compound  plate  of  glass  and  roiin. 
The  rosin  plate  of  p.  79  [Art  548]  without  its  coatingH  was  included 
between  the  plates  B  and  H  of  Nairne  aud  the  outaido  nurfacea  coated 
with  circles  6'()  inc.  diant.  and  ia  called  Corapound  Flute. 

Th.  Mar.  11  [17T3].     Th.  53.     N.  17.     [4  comparisons  with  K.] 
Fr.  Mar.  12  [1773].  Th.  53J,  N.  ISJ.    [20  observations,  Art.  664,] 

5531     Circle  of  18  J"  compared  UfUh  double  plates,  also  jdate  D,  plale 
r  aful  the  two  double  plates  compared  I  '"     '    '       '"""       '  """ 


oitii  circles  of  36"  arid  i 
A  sliding  trial  plate  was  made  of  deal,  with  an  additional  piece  to 
i  on,  the  breadth  was  31  inches,  the  length  when  not  drawn  out,  and 
without  the  additional  piece,  was  15,  and  the  additional  piece  increased 
the  length  lUJ  inches. 

The  number  in  tlie  2"*  columa  aliowa  the  number  of  inches  by  which 
the  sliding  piece  Is  drawn  out. 


M.tch  3, 

Ina,  el. 

Dili.    Mean. 

Cirele  30 
onulk 

125 

,1' 

273       .. 
34  3"    " 

26-5 
33-5 

70     300 

!>•  on  glass 

H-7 

4 

3(1 

SI*'" 

28'9 
366 

7-7     327 

D*  onulk 

11-3 

H 

3(1 

S4-S.,., 

263 
310 

8-3     30-4 

£ 

15-7 

U 

3R' 

"^tl-9 
361  ♦  '  ' 

29'2 
38 

8-8     33-6 

CM.  30"        ,,., 
on  »Uk           '*  ' 

8 

331)     0 

33-9 

i 
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To.  Mar.  9.     [Electrometer]  At  inner  marksL     At  outer  marin* 


Diff. 

Mean. 

Diff. 

Meaa 

Circle  36" 

11-6 

35-6 

6-8 

36-3 

E 

12-2 

32-5 

6-9 

33-2 

Circle  30" 

11-4 

30-4 

7 

SO-8 

March  12.     \U  o\ 

laervatioi 

lal 

Sat  Mar.  13.    Th.  55.     N.  12.     [12  obaervatioiis.     See  Art  649.] 
Mon.Mar.  15.  Th.54.  N.  14.  [15  observations.  See  Arts.  649, 655.] 

554]     The  $ame  with  addit  /our  small  rorin  plates. 

Four  plates  of  rosin  and  bees  wax  were  caat  4  inches  sqnars  ai 
about  '22  thick  and  coated  with  circles  1  *8  in.  diam.     A  tin  trial  pbte 
was  also  made  6  inches  long  and  5  bmad.     It  is  called  N.     The  pbta 
of  rosin  were  connected  by  bits  of  brass  wire  like  that  used  for  €»  I 
necting  the  two  double  plates. 

Fr.  Mar.  19.     [20  obs.    Art&  649,  651.] 

Tu.  Mar.  23.    [21  obs.    Art  649.] 

Wed.  Mar.  24.     [22  obs.    Art  649.] 

555]    Sun.  Mar.  21*  [1773].    Th.  about  55.     N.  about  15. 

It  was  ti-ied  whether  the  4  rosin  plates  contained  the  same  qaantitvl 
of  electricity  whether  they  were  placed  close  togetlier  or  at  a  distaao^l 
and  what  is  to  be  allowed  for  the  connecting  wires,  <tc. 

This  was  tried  with  the  usual  machine*,  the  rosin  plates  being  nboi' 
on  the  positive  side  and  sliding  plate  3  on  the  negative  side,  the  slidaf , 
plate  remaining  always  at  the  same  division,  the  small  variations  of  tbi 
charge  being  found  by  the  additional  wire.  I ' 

They  were  tried  in  5  different  ways.  :? 

1**  way.  The  plates  placed  close  together  near  the  end  m,  the  Wfil 
wires  V  resting  on  the  plates,  with  the  connecting  wires  put  on  tkl 
I>lates. 

2"**  way.     D**  without  the  connecting  wires. 

3"*  way.     The  connecting  wires  suffered  to  remain,  and  also  out' 
the  wires  V,  but  tlie  3  others  removed  towards  end  J/,  plaoed  at  4  u 

—  . : 
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diHtHiiee  from  ettch  other,  anU  mipported  to  their  DBual  situation  by  Bilk 
Btrings. 

4"*  way.  The  same,  except  that  tLe  3  wires  V  were  taken  quite 
away. 

5""  vrny.  The  rosin  platea  placed  at  aa  great  a  diatance  fi-om  each 
otiier  (18  possible  ill  e*l  •  inches  witL  the  nsu  il  wires  Y,  hut  without 
th«  cunuectiii<;  wires. 


Ina.  el. 
□Q  addit 
wire. 

sii<Uiig 

plate. 

1  Inc.  el. 

.DD  aildit 

wire. 

Sliding 
Plate. 

3"^  way,  with  connect 

1 

wires,    usual   ones  V  0 

3...U 

sap.  pi>s. 

1 

3. ..12; 

D-neg, 

I'smoved  to  end       ) 

4*  way.  without  usual  )    gl 

D" 

2 

D' 

I"  way,  with  connect-  1 

ing  wires  and  usual  >  1 

D' 

2 

D- 

aho                          ,i 

S^"  way,  without  oon-  \  „ 
Meeting  wire            1/  '^ 

D" 

2i 

D- 

B""   wftv,  removed  to 
distance 

}n 

D* 

^ 

D« 

556]  Whether  charge  of  white  ijlis»  tlieniometer  tube  is  l/i^  tatna 
tah^n  hot  at  wlien  eoltlf. 

Sun.  Mar.  21  [1773]  afternoon.     Th.  about  55.     N.  about  15. 

A  baU  about  1  Inch  in  diameter  wan  blown  at  the  end  of  a  thormo> 
mettir  tube  with  a  bulb  4-3  inches  aliove.  This  wa«  filled  with  5  suffi- 
Sient  to  rise  into  the  bulb.  The  tube  was  coated  3'4  inches  fium  the 
ti»U  with  gammed  paper  dipped  in  salt  water  aud  bound  011  with  iron 
■vire.  This  ball  was  placed  in  a  gKs4  of  ^  surrounded  with  iron  fi]in<js 
Kn.'I  placed  on  macliine  near  if,  &iid  heat«l  by  a  spirit  lamp,  the  >}  in 
arhicb  the  ball  was  immersed  being  made  to  conimunicut«  with  tba 
ground,  and  a  bit  of  u-on  wire  bound  i-ound  the  wire  Mm  beiug  dipjjed 
.aat«)  the  ^  in  bulb. 

The  crown  glass  plate  *  and  the  plate  A  of  Naime,  which  was 

»^Kited  as  a  sliding  plate,  being  put  on  negative  side. 

The  I*  column  being  the  number  of  square  inches  which  it  waa 
R.«ces3ary  to  give  to  the  coating  of  tite  sliding  plate  in  order  that  the 
Mills  might  Sep.  pos.  and  the  3"^  column  that  they  might  sep.  neg.  Tlio 
iVi&rge  of  the  crown  gluss  plate  being  equal  to  that  of  the  sliding  plate 
V-lieu  its  coated  surface  is  33  squat«  iDches. 


•  ISO  in  MS.] 


+  [See  Arl.  36S  and  Note  26.] 


>^^^W-'T^ 


[557 


ClvL 


•  — —  -«— .1 


preirr 


■    i 

'J. 


T^  -^-rri/-   --.  ^     -  ' -1:1 .    •-  ^-^.-^iiLr  ^  rv:    n=-i-s  of  d-3  inc 
^  •--  ^  -^  -      '  ^-i  ^-*  a*   -  -   ^'i«    EiaTojc-   rrrm   ^^A  ociier  and 

r^r-rro  r^  "^.^  T ^^-s   r-t-^iiz   i.:.:!!::  7-  «;-2fc«  izi:.,  or  1-41  inc. cL 

V.   -  --  ^ --    L-  I     -•^.~  j  "---  -•-^".      -^^-^  -r-:^  r-iie  B  ft/  fj<  the 

^V.-::  i  .  :  L^:.-7    :f  1 1 ;.::  liI  ^ir^r  =  ::  7:  ire.  «!    iLe  Kails  sep.  jx* 
■»..*.-.  r  .*  r-^-.r-?  T-r^   *:  i«  jr-^:  i    L--to.z:-7  ^^  r- iss-'ole-      WTien  they 


X 


55-       AV/rV.j.**:.-    /-'-'""-'v   \'  ♦'.I'l^i'i'v  ?'nM)»  pf*tt^  j'rom  ^ 

Tint.  AfT.^n.'-y/n.     Tfc.  •>'».     X.  :•. 

Th':  fxjMTiii.frui  of  |».  71  >\rt.  'i+r  wa?  rejvated.  It  was  found  that 
rh<;  bia^t**  \AitU:  w>i.H  *;k-mfi' d  on  littin::  up  a^  brforo,  though  the  plate 
^,,A  not.  ^I'^rtiifi^r^l  \j*:forf:.  But  if  the  plate  was  tirst  charged  and  dis- 
t\„ifirtA  ti'juiu  U;for*;  the  plate  was  lifted  up,  it  was  found  to  be  stronger 

I  f.lxri  UHtlc  A  |»ifcc  of  tinfoil  of  the  mme  size  as  the  brass  plate^  with 
ti  Hilk  Mtj  iii«  fiiiit^!n<;d  Uj  it  near  the  edge,  and  laid  it  on  the  gUuHi  an«l 

«  [See  Art.  r»47.1 


8  [1773],  Th.  about  33. 
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lifted  it  ap  gently  by  the  silk  string.     The  tinfoil 
ielectriKed  thereby. 

559]  CompnrUoiKi/IIeidi/' 8,  Lane's, 
%d  ttraw  electrometer. 

'.  about  8. 

Tlie  two  eoniluct'Ts  of  Nnime 
IdCed  end  to  end,  and  Heuly's  elec- 
■ometer  placed  on  tbat  furthest  from 
[obe*  ]iu,mllel  to  conductor  and  the 
>rk  pointing  from  globe.  The  fDiir 
trs  were  also  joined  to  the  n  '  ' 
1th  the  ntniw  electrometer  hiiug  to 
and  jars  being  placed  at 
dLitaut^  fi'om  the  coiiductora 
hat  tha  electricity  was  fuuud  not  to 
jw  eensilily  frum  them  to  thu  jars. 

The  globe  3t  v 
Itit  conductor  nenrest   t)ie  globe  and 
eutrified    tiU    Henlv's     electr.mitttar 
ood  at  90°. 

rwiDved  from  the  coiidiictoi 
electricity  comDiunicMted  to  the  jai 
The  . 
2  + J. 

The  experiment  WB«  repoaU'd  aevemi 
ea  and  was  found  to  agree  togetiit:r 
iretty  well. 

The  jura  were  then  electrified,  they 
and  thu  straw  eluutrometar  Htanding  in 
the  SHine  place,  and  it  was  found  tliiit 
-Xahs's  electrometer  fastened  to  one  of 
fitem  discharged  at  0'^3^  with  thitt  d'*- 
jgreeofeleotriticution,  the  same  jar  beiiit; 
Applied  to  the  conductor  aud  electrified 
till  Henly's  electrometer  stood  at  90", 
~       '    discharged  at  1215. 
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Sun.  eve.    Th.  58.     N.  8. 

The  globe  3  electrified  till  Henlj  stood  at  90*,  and  its  electricity 
communicated  to  1,  2,  and  3  jars,  straw  electrometer  sepamted  to 
2  +  If.     Lane's  with  that  degree  of  electrification  dischai^ged  at  1*7. 

When  Henly's  stood  at  90^  Lane's  discharged  at  12*20. 

Jar  2  charged  till  straw  electrometer  se|)arated  to  4,  and  electricilj 
communicated  to  jar  1,  straw  separated  to  2  +  ^. 

When  straw  electrometer  separated  to    4        Lane's  discliarged  at  20 

2  +  J  -52 

2  +  3  119  ( 

light  paper  just  separated  1*1 


560]  JHoDcesa  of  redundant  fluid  on  positive  tide  tUxwe  defieienijtmi 
on  negative  side  in  glass  plate  and  plate  air  dec* 

Mon.  Mar.  29"*  [1773],    Th.  58.     N.  7. 

The  11^  inch  plate  coated  with  circles  of  8  incheB  diameter  wm 
Bup]>orted  on  waxed  glass.  I  charged  this  by  touching  the  top  with  t 
vial  charged  till  the  straw  electrometer  se|>arated  to  2  <i>  3  while  I 
touched  the  bottom  with  a  wire.  At  the  same  time  an  assistant  stood 
ready  with  a  bent  wire  in  his  hand  ready  to  dischaige  it  as  soon  as  I 
took  the  jar  away,  the  wire  was  fastened  to  a  stick  of  waxed  glass  and 
had  the  pair  of  cork  balls  commonly  made  use  of  hanging  to  it^  the  cork 
balls  separated  about  1  inch. 

I  then  charged  the  jar  4  to  the  same  degree  and  commnnicated  its 
electricity  to  the  jars  1  tb  2  and  touched  the  upper  side  of  the  plate 
with  one  of  the  jars,  but  without  touching  the  bottom  with  the  wire. 
The  corks  separated  very  nearly  the  same  as  before,  but  of  the  2  rather 
more.  I  then  charged  the  jar  till  the  straw  electrometer  separnted  to 
2  +  2  and  diminished  its  electricity  as  before,  the  corks  now  separated 
rather  less  than  tlie  first  time.  Tlie  experimeut  was  repeated  seven! 
times  with  very  nearly  the  same  event. 

I  could  perceive  no  difference  in  the  separation  of  the  cork  baUs 
whether  the  wire  of  the  jar  with  which  I  touched  the  plate  was 
17  iuches  long  or  only  2  J. 

If  the  four  jars  were  charged  to  2  +  3  and  its  electricity  commoni* 
oated  to  globe  3,  it  was  diminished  to  2  +  2. 

The  plate  air  4  was  charged  by  jar  charged  till  straw  electrometer 
stood  at  2  +  0,  and  if  jar  4  was  charged  to  the  same  degree  and  its 
electricity  coiainunicated  to  jar  2,  the  corks  separated  the  same  if  bottom 
was  not  touched. 

With  plate  air  1  the  charge  was  obliged  to  be  reduced  by  commoni- 

*  [See  Note  80.] 


EXfESS  OF   REDUNDANT  FLTTD,   &C. 

fiepuration  wLen  bottom 


iting  jiir  2  to  jar  4  to  make  the 
rucbed  as  when  it  was. 


Tu.  Mar.  30  [1773].    Th.  56.     N.  8. 


The  name  esperiraeot  wiist  vepeateil,  only  putting  a  piece  of  sealing 
Bx  with  mnrka  on  it  supported  hy  ghiss  about  3  inches  below  the 
irkg  to  serve  by  way  of  comparison.. 


Com  pound  plat« 

of  [Art.  r)521 
Plate  air  1 
Plate  air  4 


Jarl  c 

to  2  +4 

jar  1  to  2 

1  to  3 


2+li 


The  second  colnmn  is  the  diatunc«  to  'which  tlie  straw  electrometer 
Sparatcd  in  charging  jar  with  [wbjcli]  the  plat«  waa  electrified   when 
i  bottom  was  touched  in  order  that  the  cork   balls  should   Ge[>arate 
iqual  to  marks  on  wax.     The  third  colunm  is  the  ratio  in  whioh  the 
electricity  of  the  jar  waA  dimiuiahed  when  the  bottom  was  not  touclied, 
Aod  the  fourth  column  ehewa  the  degree  iu  which  the  jar  was  electri- 
od  (as  expretsed  by  diatauce  to  which  the  electrometer  Beparated)  ia 
rder  that  the  balls  should  separate  to  the  required  distance. 

N.B.  Tiie  pft|jer  of  divisions  used  for  the  electrometer  was  different 
im  that  used  before,  but  the  divittious  nearly  of  same  strength.  The 
irks  on  sealing  wax  used  for  compound  plate  were  nearer  than  those 

The  jars  1,  3  ib  4  being  charged  till  straws  aejiarated  to  3  +  0  and 
!  electricity  communicated  to  jar  2,  they  separated  to  2  +  1,  and  the 
ctricity  of  jar  S  being  destroyed   and  the  electricity  of  the  others 
communicated  to  it,  they  Hepamted  to  1  +  3*. 

Therefore  diminishing  the  electricity  in  ratio  of  95  to  1 2C  diminishes 
itance  to  which  the  balls  separate  in  ratio  of  126  to  1C5,  or  dtniieish- 
i  the  electricity  in  ratio  1'33  to  1  diminisheH  distance  in  ratio  1'31 


On  Monday  the  excess  of  redundant  fluid  on  the  positive  side  altove 
deficient  fluid  on  negative  aide  in 

1 1^  inch  plate  with  8  iacb  coating  ^-^ 

Pkt*  air  1 

Plate  air  4 


k 


1-88 

1 
314 


'  The  uniillei  dimions  oia  equal  to  i  of  huge  ones. 
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of  the  quantity  of  electricity  which  is  given  to  it  with  tlie  same  degree 
of  electnficatiou  if  the  bottom  plate  is  not  touched. 

Compound  plate      ^^ 
On  Tuesday  D**  excess  in  Plate  air  1  yrgg 


Plate  air  4 


1 
216 


561]     Fr.  Apr.  2  [1773].     Th.  about  55.     K  about  10. 

It  was  tried  whether  a  parallelepiped  box  included  within  anotiier 
box  of  the  same  shape  and  communicating  with  it  would  receiye  any 
electricity  on  electrifying  the  outer  box*. 

The  experiment  was  tried  just  in  the  same  manner  as  that  with  the 
globe  in  p.  26  [Art  513].  The  inner  box  was  12  inches  sqaaie  and  3 
thick.  The  outer  box  was  14  inches  square  and  4  thick  on  the  outside, 
and  13  square  and  3*4  thick  within. 

The  boxes  were  made  of  wainscot  and  well  salted.  I  ooiild  not 
perceive  that  the  inner  box  was  at  all  over  or  undercharged,  for  if  I 
])i-evioiisly  electrified  the  cork  balls  positively  sufficiently  to  make  them 
separate  in  touching  the  inner  box,  they  would  separate  as  much  if  I 
previously  electiified  them  negatively  in  the  same  degree. 

Globe  mWiin  hollow  globe  tried  againf. 

562]    Sun.  Apr.  4  [1773].     Th.  58.     N.  11. 

The  globe  included  between  the  2  hemispheres  was  tried  again  in 
the  same  manner,  except  that  the  hemispheres  were  coated  with  tinfoil 
and  were  made  to  shut  closer. 

I  could  not  perceive  the  inner  globe  to  be  at  all  electrified  either 
way. 

In  order  to  see  how  small  a  degree  of  electricity  I  could  perceive 
this  way,  I  separated  the  two  hemispheres  as  far  as  in  the  experiment, 
and  electrified  the  2°**  thermometer  tube  with  the  same  strength  of 
electricity  as  was  used  in  the  ex{>erinient,  and  communicated  its  elec- 
tricity to  the  jars  1  and  2,  then  touched  the  inner  globe  with  one  ci 
those  jars  and  drew  up  the  cork  balls,  previously  positively  electrified, 
against  the  globe.     I  found  them  to  separate  very  visibly. 

I  then  repeated  the  expenment  in  the  same  manner  except  that  the 
balls  were  negatively  electrified  in  the  same  degree. 

The  elect,  of  the  thermometer  tube  was  diminished  by  communi- 
cating to  the  2  jars  in  the  ratio  of  105  to  6339:}:,  or  of  1  to  60,  so  that  if 

•  [Exp.  n.  Art.  236.]  +  [Exp.  I.  Art.  218.] 

t  [Charge  of  2"<*  thermometer  tube  =  80 '7  glob.  inc.  =  124*8  oiro.  ine.,  hjAii 
jar  1  +  jar  2:=: 6234,  by  Art.  506.] 


564]  GLOBE  WITHIN   HOLLOW   GLOBE.  283 

the  redundant  Bnid  in  the  globe  had  been  so  much  as  j'j  of  that  in  the 
hemisphbreii,  I  must  have  perceived  it, 

As  it  might  be  suspected  that  in  the  principul  Bxperiment  the  neigh- 
bourhood of  the  hemiBphereB  communicating  with  [the]  gmund  would 
enable  the  globe  to  hold  more  thtiu  it  woidd  otherwiue  do,  and  that 
therefore  the  cork  balls  would  nut  sepurnte  so  much  us  they  would  do  if 
the  hemispheres  were  taken  away  anil  the  qiiimtjty  of  redundaTit  fluid  in 
the  globe  was  the  same,  aud  consequentlj  that  the  above  computation 
of  the  quantity  I  could  perceive  is  not  just,  I  took  away  the  beini- 
B|iheres,  mode  the  corks  touch  the  globe,  and  electrified  it  till  they 
Be[iarated,  then  holding  the  hemispheres  in  niy  hands  as  near  the  globe 
as  iu  the  experiment,  I  did  not  perceive  any  alteration  in  the  separation 
of  the  corks. 

The  outside  diameter  of  the  hemisjiheres  was  13'3  inches. 


563]  Experiment  to  me  whether  the  force  with  which  two  hodiet  repel 
IB  (u  the  equare  o/llte  redwndant  fluid  in  them*  ;  tried  with  itraio  electro- 
nteler  and  glass  globes. 

The  two  electrometers  were  hung  at  opposite  ends  of  a  horizontal 
stick  of  wood  43  iuobe^  long,  sujipoi-ted  on  sticks  of  waxed  glass  and 
ctiinuiimicating  near  the  middle  with  one  of  the  glolieat.  The  Bama 
string  also  which  lifted  u|)  the  electrifying  wire  Jot  down  a  piece  of  wood 
for  making  n  communication  between  the  two  globes.  The  board  with 
divisions  was  placed  G  inches  behind  the  electrometers,  and  the  guide  for 
the  eye  30  inches  before  it. 

The  electricity  of  the  globes  wasted  very  slowly,  so  that  it  could  not 
be  sensiMy  diminiohed  iu  the  tiiuo  between  reading  off  divisions  to 
he«%-y  electrometei-  aud  those  to  light  one. 

The  electrifying  wii*  rested  on  hori7.ontal  wood  while  globe+  was 
turned,  two  jars  being  used  as  a  magazine  to  prevent  the  globe  Leyden 
villi  from  chat^ug  too  fast.  The  globe+  wau  tui'ned  till  the  heavy 
electrometer  separated  to  rather  more  than  the  intended  division,  after 
which  I  waited  till  it  came  right,  when  by  the  string  I  lifted  up  the 
electrifying  wire  and  mude  the  communication  between  the  two  globes 
and  looked  at  the  division  of  light  electrometer.  The  electricity  of  the 
magazine  was  discharged  aa  soon  as  the  electrifying  wire  was  lifted  up. 

664]  One  of  the  i-traws  used  for  the  heavy  electrometer  waa  black 
ia  Bome  places,  and  is  called  "  blighted,"  the  otlier  ia  called  "fair." 

■         •  [Sea  A.Tt.  846.] 

L        +  [The  coMed  globen  9  ninl  3.    Their  obnrgea  tie  given  in  Art.  BOB  ns  1792  and 
■iCSe  aire,  inc.,  or  11E9  and  HM  glob,  inc.,  the  sum  at  wbieh,  al6S,  Kgrees  with 

Krt.  3B1.] 

^^^  J  [Of  Hume's  electriaal  maahiue.] 
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Son.  Jan.  24  [1773]. 


I  Cent.  gr. 

Weight.  Length.'      from 

needle. 


Wi» 
length. 


Added 
weight. 


Weiiditwilh 

•ddit.  tried 

immad. 

after. 


Blighted  straw 
Fair  »traw 


7 
6 


111 
IM 


61 
4-99 


2-2 
1-8 


107 
8-8 


17-8 
14-8 


Tlie  additional  wire  was  ran  into  straw  very  easily,  and  was  fastened 
by  putting  a  little  wax  on  the  end,  which  by  heat  was  pressed  quite 
smooth  against  the  end  of  the  straw. 

Mon.  mom.  Jan.  25.     Th.  55.     N.  20^. 

The  globe  3  was  made  to  communicate  with  horixontal  wood,  then  if 

heavy  electrometer  separated  to  -{  9  divisions,  the  light  electrometer 

separated,  on  communicating  electricity  to  globe  2,  to  tlie  same  number 
of  divisions. 


565]  Trials  of  time  in  tohich  the  electricity  of  jar  1  wa»  diminiiked 
hy  these  straws  from  degree  ia  which  t/te  hexivy  electrometer  used  injbrmsr 
experiments  o/tlUs  kind  to  t/tat  in  whicJi  tlie  pith  bcUls  began  to  doie^ 

Weight. 


Light  electrometer      <  „ 

fair 
Heavy  electrometer      blighted 


30" 
35 
27 
15 


7-8 

6-8 
US 
17-8 


In  the  afteiiioon  the  blighted  straw  was  by  mistake  for  the  other 
covered  for  an  hour  with  paper  soaked  in  salt  water.  After  standitig 
about  an  hour  to  dry,  it  was  found  that  when  heavy  electrometer  was 
made  to  separate  10  divisions,  light  separated  11^. 

The  -  .°  straw  discharged  the  electricity  as  before  in  o.^,  weight 


fair 
of  blighted  straw  17*8. 


22' 


The  fair  straw  was  then  kept  in  salted  paper  in  the  same  manner 
for  about  3  hours. 

Tu.  morning.     Th.  57.     N.  23. 

If  heavy  electrometer  separates  to  15,  10,  9,  8,  light  electrometer 
8e)mrates  al)out  \  less. 

Fair  straw  discharged  the  electricity  almost  immediately,  blighted  ia 
about  5". 

When  fair  straw  rested  on  cork  ball  it  was  about  30",  the  blighted 
was  much  longer. 
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Weight  of  fair  straw  1 4*95. 

Ball  of  fair  straw  uioih toned  with  salt  water. 

Heavy  electrometer  at  ,..,  light  at  ,^. 

The  blighted  straw  was  kept  in  salted  paper  for  1 J  hours,  and  then 
et  to  dry  till  the  afternoon.  In  the  afternoon  its  ball  was  moistened 
vith  salt  water. 


When  heavy  el.  at  •!, q,  light  at  -{  q     . 


Fair        )  2" 

■Rr<rl  f  U    ^^^^   closed  in   about   q„  when  resting  on  straw,  and 

,bout  5"  or  7"  when  resting  on  cork  ball. 

In  about  1^  hours  after  they  were  tried  again  without  any  altera- 
ioii  having  been  made. 

When  heavy  at  -l,^,  light  at  -(q,  . 

Sighted}  ''^'^^  (i  °°  '*~^  (lO  °''  ^^ 
The  light  straw  N^  1  was  soaked  in  salt  paper  at  night  for  3|  hours. 

Wed.  Jan.  27.     Th.  57.     N.  23. 

When  heavy  sep.  to  15,  light  at  14,  but  increased  after  a  time  to 
lear  1 5.  As  it  was  suspected  that  this  inci'ease  might  be  owing  to  the 
LU*  being  electrified,  I  tried  and  found  the  air  to  be  much  electrified  in 
kll  pai*ts  of  the  room. 

T^.  ,        . .  (straw    1      J  .    2"  or  3" 

N*'  1  resting  on  <•    ^     closed  in       qq     . 

xTo  o  straw    1      J  .  20" 

N-a  on    j^^i     closed  in  ^^^  ^^^ 

Tlie  ball  of  N^  1  was  then  moistened  with  salt  water. 

Heavy  sep.  to  15,  light  to  13,  but  increased  to  near  14. 

In  order  to  avoid  in  some  measure  the  inconvenience  from  electrify- 
ng  the  air,  Richard  turned  the  globe,  by  which  means  the  electricity 
vas  not  made  so  strong. 

heavy  to  ;j,  light  to} J. 

N*'  1  closed  in  about  4"  whether  resting  on  ball  or  straw. 

N^  2  was  soaked  in  salt  water  for  2^  hours  till  3  in  afternoon,  about 
)  or  6  it  was  tried. 

15  15 

heavy  to  ,/v,  light  to  q\  l*'  time,  for  several  times  after  to  14. 
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On  Slav. 

X*2 

r 

1 

3or4 

fiur 

2or3 

blighted 

2or3 

OnbaD. 

4 

3or4 

8 

9 


Wed.  Feb.  3.     Th.  461.     N.  12. 

As  it  was  foimd  the  preceding  daj  thst  the  straws  eondnctet 
thej  were  kept  ab  >nt  3  or  4  hours  in  the  morning  in  salted  pap 
about  3  they  were  taken  ont  of  the  paper  and  hnng  np  to  diy.  Ii 
afternoon  thej  were  tried,  a  screen  being  placed  to  keep  them  iron 
fire. 


Globe  Select 


it 


Gk>be2  elect 


HesTj. 

15 
15 
12 
12 
10 
10 

8 

8 

8 

8 
10 
10 
10 
12 
12 
12 
15 
15 
15 


JA^L       Hearj. 


16i 

16 

12 

121 

lOJ 

lOi 

Bl 
8 

10 

10 

13 

12 

12 

16 

15i 

15| 


15 
15 
15 
12 
12 
12 
10 
10 
8 
8 

10 
10 
12 
12 
15 
15 


Idgfat 


The  blighted  heavy  straw 

closed  in 

fair 


On  straw. 

25" 
10 


On  ball. 

r.so" 

not  near  closed  in  2' 


Fair 
Blighted 


Weiffht  with 
addition. 

14-85 
17-85 


Without. 

6  05 

7  05 


Distance  of 

pin  from 

cent.  gray. 

5-07 
5156 


5G6]     After  the  additional  wire  had  been  taken  from  the  h 
electrometer,  the  two  electrometers  were  electrified  and  compare 


567]      - 
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gether  without  the  process  of  communicatiiig  the  electricity  from  one 
globe  to  the  other,  when  they  stood  as  follows. 


Heavy. 

Light. 

8 

9 

10 
12 

lOf 
12| 

15 

15i 

12 
10 

12i 
lOi 

8 

1  1 

4 

Heavj  straw  electrometer 
withoat  additions. 


Heavy  paper 
electrometer 

Light  do. 


2 

10 

17 

very  little 

15 

2 
10 

13 

very  little 

12 

If  globe  2  was  electrified  till  I>*  electrometer  separated  to  17,  on 
communicating  electricity  to  globe  3  it  separated  to  9^. 

The  light  straw  electrometer  was  then  placed  instead  of  the  paper 

electrometer,  and  a  paper  with  divisions  placed  behind  it.    It  was  found 

17     .  .  . 
that  when  heavy  straw  electrometer  separated  to  g  t  divisions,  the  light 

straw  electrometer  separated  to 


Large 
diviBions. 

Rmall 
divisions. 

f      3 

1 

1 

3 

567]  As  the  straws  seemed  not  to  conduct  well  enough,  they  were 
gilt  The  gilding  was  not  perfect  in  several  places,  but  it  was  sufficient 
to  conduct  the  shock  of  a  jar  very  weakly  electrified. 


Weight. 
7-55 


Cent.  grav. 

Wire 

from  pin. 

length. 

5-25 

2-45 

5-17 

2-01 

Heavy  electrometer  W'  o       a.^k 

Tu.  Apr.  13. 

The  globe  2  electrified  and  communicated  to  globe  3. 


Added 
weight. 

12- 

10-1 


Heavj  el. 

13 

12 

10 

8 

Wed.  Apr.  U.     Th.  51.     N.  13. 
Globe  2  commmiioated  to  8. 


8 

H 

10 

111 

12 

u 

13 

15| 

Light. 

15^ 
14 
12 
lOJ 


Olobe  8  oommnnioated  to  2. 


8 
10 
12 
13 


lOi 

13 

14 


It  was  found  that  some  electricity  ran  from  the  electrifying  wire  to 
the  knob  of  the  globe  to  which  electricity  was  to  be  communicated,  on 
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which  the  knob  was  removed  to  such  a  distance  that  no  sensible  electri- 
city  ran  from  one  to  the  other. 


Globe  3  oommnnicated  to  2. 


13 

12 

10 

8 


13i 

12:: 
10, 


Globe  2  oommoiiioated  to  8* 


13 
12 


15J 
U 


N.B.     The  holes  where  the  wires  were  put  in  were  gilt  over. 
XT  ^f  of  heavy  electrometer  were  found  to  weigh  iQ./-r- 

The  wires  were  then  taken  out,  the  holes  stopped  up  with  wax  and 
gilt  over.  It  was  then  found  on  electiifying  the  globe  without  com- 
municating its  electricity  to  the  other,  that  when  the  heavy  electrometer 
stood  at 

8  9 

|.^  the  light  stood  at  «oi 
13  Ui 


Weight.   ^-J;^:- 


N.  1 
N.  2 


7-6 
6-65 


5-36 
5-285 


Force  requisite  to  separate  straws  without  wires 

with  wires 


N.l 

40-8 

159-9 


N.9 

1361 


Therefore  force  required  to  separate  heavy  electi-ometer  falls  short  d 
four  times  force  required  to  separate  light  electrometer  in  the  ratio  of 
296  to  303-6,  or  of  1  to  1-027. 


568]  Separation  of  Uenlxfs  electrometer  by  different  Btrengtht  cf 
electrification, 

Naime's  jar  being  tried  against  the  two  trial  plates  for  plate  H,  the 
pith  balls  separated  a  little  after  a  short  time  the  same  way  as  the  two 
trial  plates.  Therefore  Nainie's  jar  is  supposed  to  contain  about  y  of 
plate  H,  or  16  times  as  much  as  plate  M. 

The  two  conductors  of  Naime  were  set  end  to  end  with  [Henly's] 
electrometer  on  furthest,  and  the  jar  applied  to  the  same,  the  furthest 
conductor  being  without  any  point,  and  the  plate  M  was  placed  near  it, 
set  on  a  conductor  communicating  with  the  groimd.  When  the  electro- 
meter was  raised  a  little  above  DO",  the  nearest  conductor  was  removed 
and  the  eleetricity  of  globe  taken  away.  Then  as  soon  as  the  electrome- 
ter was  sunk  to  90^  a  communication  was  made  between  conductor  and 
plate  M  and  immediately  taken  away  again,  and  the  figure  to  which  the 
electrometer  sunk  wrote  down  and  the  electricity  of  plate  M  diachaiged, 
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nfter  which  a  communication  was  again  made  between  the  conductor  and 
plate  M. 

The  reanlts  of  the  experiments  are  contained  in  the  following  Table, 
'where  the  fii-st  column  in  the  □umber  of  times  that  a  comrauaicaiion  has 
been  made  between  the  conductor  and  M. 

The  second  column  shows  the  quantity  of  electricity  in  the  jar,  which 
must  diminish  each  time  in  the  ratio  of  15  to  16,  and  the  other  column 
is  the  number  which  the  electrometer  stood  at  in  ihe  different  experi- 
ments. 


Cnmbw 

injur. 

1.1 

Koin 

™« 

•••^ 

^. 

g 

Dlff.      1 

j«- 

guppoHdtnH), 

Snd  dlff. 
bj-nr.t. 

T" 

■gas 

"to" 

'if 

73 

IT 

w 

80 

063     ' 
69 
65 
61 
48 
46 
42 
40 
37 
35 

31 

2S 
27 

000 

W 

10 
17 
31 
13-5 

160 
2911 
6<U 
2112 
63 
65 
35 

2 

•679 

32 

86 

63 

C8 

63 

9S8 

80 

■S24 

3fl 

21 

23 

31 

35 

30 

879 

63 

■773 
■736 

14 

16 
14 

17 
15 

19 
16 

18 
141 

\l\ 

824 
773 

32 

IS^S 

■679 
■837 
■687 

la 

10 

9 

13 
11 

10 

13 
12 

loi 

14 
12 

13 

iH 

lOJ 

7W 

679 
637 

15-6 

13 

11-5 

3  6 
1-5 

■660 

B 

» 

10 

10 

10 

9) 

6»7 

W-S 

2G 

■52S 

n 

6 

8i 

560 

9-6 

■4S2 

7 

H 

8 

525 

8-6 

■«l 

6 

4 

7 

492 

8 

■433 

64 

H 

461 

7 

26 

■406 

S 

H 

4 

433 

6-5 

l'° 

■seo 

6 

406 

65 

-357 

*i 

•334 

4 

18 

■313 

4 

19 

■294 

H 

SO 

■276 

a 

'    wiitii  fixtd  ill  t/a   ntual 


569]     Separation  of  Heidift  electrom 
VMjf  and  on  an  upright  rod. 

Aug.  13,  1773.     Th.  about  "8. 

Henly's  electrometer  was  stuck  on  a  thin  wooden  rod  25  inches 
long,  the  end  of  which  was  fixed  into  the  hole  made  in  the  conductor  for 
receiving  the  electrometer,  being  parallel  to  the  conductor  as  usuaL 
The  conductor  to  which  this  was  fijted  waa  connected  to  the  other  con- 
ductor which  received  the  electricity  from  the  machine  by  a  hrasa  wire 
about  10  inches  long,  and  a  jar  with  Lane's  electrometer  fastened  to  it 
'was  made  to  communicate  with  this  last  conductor,  so  that  the  rod  to 
which  the  electrometer  was  fastened  was  about  *inches  from  the  globe 
and      *  inches  from  the  jar. 

Henly's  electrometer  was  then  compsrcd  with  Lane's  while  in  this 

uition,  and  when  tbia  was  done  the  wooden  rod  was  taken  away  and 
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Henly's  placed  on  the  conductor  in  the  usual  manner,  everything  ebe 
being  the  same  as  before,  and  compared  with  Lane's  as  before. 

N.B.     In  both  trials  the  cork  ball  of  Henly's  was  turned  from  the 
globe*. 

The  result  was  as  follows : — 


Lane. 

Henly. 

Bev.  div. 

On  rod. 

Usnalway. 

4-30 

21 

6 

6-30 

37 

10 

8-30 

38 

18 

10-30 

40 

32 

Hence  it  appears  that  when  Henly's  [electrometer]  is  fixed  on  the 
rod  it  is  more  sensible  towards  the  beginning  of  its  motion  than  after- 
wards, whereas  when  put  in  the  usual  way  it  is  the  contrary. 

570]  Result  of  P.  70,  75,  &  95  [Arts.  540,  544,  569],  being  a  own- 
parison  of  the  different  electrometers. 


Straw  electrometer  at 

P.  70. 

Th.  66i. 

N.  19. 

P.  76. 
Th.  53). 
N.  20i. 

P.M. 

Th.6a 

N.  8. 

P.9S. 

Th.S8. 

K.  8. 

1  +  3 

2+    i 

43 

46^ 

48 

2+    1 

50 

2  +  U 

60 

2  +  l| 

63 

2  +  2| 

70 

2  +  3 

75 

73 

75 

3+    i 

80 

3  +  1 
4 

82J 

m 

116 

Light  paper  elect,  just  sep. 
Henly's  at  90<^ 

60 

64J 

58 
731 

736 

The  three  last  column 

s  are  the  c 

[istances  at 

which  Tiai 

le's  electro 

meter  discharged,  expressed  in  divisions,  or  60***  parts  of  a  reyolution  of 
the  screw. 

P    94 
By  p    Q.  [Art.  551]  the  distance  at  which  Lane's  discharges  is  a< 

{1*228 
1 .9 or  P^^®^  ^^  *^®  quantity  of  electricity  in  the  jar,   and  the 

quantity  of  electricity  when  the  straw  electrometer  is  at  2  +  3,  t(i  est 

(6*53 
the  usual  charge  is  to  that  when  Henly's  is  at  90°  as  1  to  <^.qc^  . 

*  [Of  the  electrical  machine.] 


571]  Cotripariion,  of  Lane's  dectrometer  viitA  light  ilraw  dectrameter 
diff-^rtnt  toeallKr. 

Laue'a  clectrotneter  was  compAred  with  the  light  straw  electrometer 
the  apparatus  represented  above.  A  being  the  globe,  B  a  conductor, 
'J)  a  wooden  rod  supported  on  two  waxed  glass  pUlara,  having  a  pin 
D  almost  in  contact  with  the  conductor,  the  straw  electrometer  being 
ing  to  ^.  E  a  ajar  with  Lane's  eleotrometer  fastened  to  it,  supported 
I  a  bracket  fixed  to  glass  pillars,  the  wire  of  wliich  touclies  CD. 

The  distance  of  C  from  the  globe  is  54 },  inches  and  from  the  nearest 
pilkr  32  inches.     The  height  of  the  pith  balls  above  the  floor  is 
J  inches. 

A  small  board  with  divisions  on  it,  not  represented  in  the  figure, 
pported  on  an  upright  wooden  rod,  is  placed  behind  the  straw  eleo- 
imeter  25  inches  from  it,  and  a  bit  of  tin  with  a  narrow  notch  in  it 
:  an  eye  sight  is  placed  at  the  same  distance  before  tlie  electrometer. 

The  outward  divisions  on  the  bouid,  or  those  called  the  4**,  are  at 
inches  asunder,  the  3*^  at  4  Inches,  the  2*^  at  3  inches,  and  the  1' 


As  I  found  it  impracticable  looking  attentively  at  both  balls  of  the 
i^rometer,  I  looked  only  at  one,  which,  as  my  eye  was  guided  by  a 
rrow  slit,  was  sufficient,  and  when  I  had  made  the  experiment  looking 
one  ball  I  repeated  it  looking  at  the  other,  so  thai  the  mean  would 
right  though  the  slit  was  not  right  placed. 

to  the  earth. 
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Knobs  of  Lane's  electrometer  touched  at  0*29. 
Straw    lofj    ■!•••_       X 


elect,  at 


discharged 


With  only  one  jar ;  straw  at  3^  division,  Lane  discharged  at  2-27. 
A  slip  of  tinfoil  was  then  pasted  on  CD  the  whole  length  so  as  to  touch 
the  wire  of  the  jar  and  the  frame  of  the  straw  electrometer.  The  resaH 
with  only  one  jar  was  then  as  follows. 

Straw  at  .^  division.     Lane  at  ^  ,    . 

Th.  Sept  2.     Th.  65^*.     N.  19.     Bar.  29-865. 

Stntw  at  j:  diviBioB.     r-neatJiJH. 

Wed.  Sep.  8*^.     Th.  62°J.     K  19J.     C.  18.     Bar.  29-235. 

Straw  at  .t^  division.     Lane  at  o.i    • 

In  the  afternoon.     Th.  62^     K  19.    C.  17.     Bar.  supp.  29-37. 
Straw  at  ^th  division.     Lane  at  q /v   . 

Fr.  Sept.  17.     Th.  58"^.     N.  28|.     C.  29.     Bar.  29-61. 

Straw  at  .  Lane  at  ^^.^g . 


572]     Comparison  of  strength  of  shocks  hy  points  and  Hunt  bodies. 

The  wooden  rod  used  in  P.  118  [Art  571]  was  suppoi-ted  on  waxed  j 
glass  with  the  straw  electrometer  at  tlie  end,  and  some  tinfoil  wound 
round  part  of  the  rod.  The  white  glass  cylinder  was  put  in  contact 
with  it,  electrified  in  such  a  degree  that  I  felt  a  slight  shock  in  dis-  ^ 
charging  it  with  a  piece  of  brass  wire  with  a  round  knob  at  the  end. 
If  it  was  then  electrified  in  [the]  same  degree,  and  discharged  [with] 
a  like  brass  wire  with  a  needle  fastened  to  the  end,  I  could  perceive 
no  shock,  and  but  a  very  slight  sensation,  even  though  the  point  was 
approached  pretty  quick.  The  distance  to  which  the  straw  electro- 
meter separated  was  about  1  '8  inches. 

The  white  cylinder  was  then  changed  for  one  of  the  large  jars,  tiie  ^ 
shock  was  not  very  different  whether  it  was  dischai-ged  by  the  knob  or 
jioint  unless  the  point  was  approached  very  slow.  The  distance  to  whicli 
the  electrometer  separated  was  about  -9  inch. 

The  wooden  rod  was  taken  away,  and  the  white  glass  cylinder  made 
to  rest  on  the  conductor  with  Henly*s  electrometer  on  it,  and  electrifie<i 
till  it  stood  at  90^,  and  to  prevent  the  shock  being  too  strong  it  had 
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674] 

its  choice  whether  it  wonid  pass  through  my  body  or  some  salt  water, 
the  wirt^s  in  the  salt  water  bein^  brought  withiu  such  a  distance  that 
the  shock  was  weak  when  taken  by  the  blunt  body.  I  then  found  that 
if  I  took  it  with  the  point  I  could  scarce  perceive  any  spark. 

The  experiment  was  tried  in  the  same  manner  with  a  large  jar.  The 
shock  was  very  seoBJbly  leas  though  the  point  was  approached  almost 
as  fast  as  I  could. 


573]  Whether  afi^ck  of  one  jar  U  greater  or  lets  tJian  that  of  tunct 
that  quantili/  of  fluid  sjnvad  onfuurjitr4*. 

It  was  found  that  if  the  jars  3  and  4  were  electrified  in  a  ^veu 
degree,  and  their  electricity  communicated  to  the  jars  1  and  2,  the  shock 
produced  by  discharging  them  was  nearly  the  same,  or  of  the  two  rather 
more,  than  that  produced  by  discharging  the  jar  1  or  2  by  itaelf.  The 
■hook  of  the  jar  3  was  found  to  be  very  sensibly  greater  than  that  of 

It  was  tried  with  the  wooden  rod,  the  jars  to  be  eleelrified  being 
placed  in  contact  with  the  tinfoil  thereon,  and  when  they  wei-e  sufficiently 
electrihed  those  to  which  the  electricity  was  to  he  communicated  being 
approached  till  they  touched  the  rod,  all  four  standing  on  the  same  tin 
plate.     The  jars  were  electrified  til!  the  straws  separated  "O  inch. 

K.E.  The  jars  1  and  2  contain  pretty  nearly  the  same  quantity  of 
electricity  and  their  sum  \s  nearly  equal  to  the  sum  of  jara  3  and  4,  The 
quantity  of  electricity  in  jar  3  exceeds  that  in  jfir  1  in  the  ratio  of  37  to 
27,  or  of  4  to  3  uearlj  t. 


674]  ComparUtm  of  the  dtmintUion  which  the  thofk  nceivet  by  pass- 
ing through  water  in  Iviet  of  dlfferenl  hore»,  and  w/ietAer  ii  is  ai  much 
diminUhi^  in  panging  tkrotLgh  9  amaU  lubes  as  tfirougK  lite  same  length  of 
e»e  large  tube  l/ie  area  of  whose  bore  is  equal  to  that  of  the  9  tmatl  ones^. 

Nov.  1773.  It  was  tried  whether  a  shock  was  as  much  diminithed 
by  passing  through  a  glass  tube  filled  with  water,  37  inches  of  which 
held  230  grains  of  water,  as  in  passing  tkixiugh  9  tubes,  37  inches  of  all 
which  leather  held  358  giuins  of  water,  the  length  of  water  which  it 
ptMsed  through  being  the  same  in  both  cuses,  namely  about  40  inches. 

Two  jars  were  used,  and  charged  till  the  straw  electrometer  separated 
to  3  ■»-  0.  The  water  in  the  tubes  was  mixed  with  a  very  little  salt,  and 
the  shock  just  enough  to  be  jjei-ceived. 

I  could  not  be  certain  that  thei-e  was  any  difference,  but  if  any,  that 
with  the  single  tube  seemed  greatest.  The  shock  was  then  made  to  pass 
through  7  of  the  small  tubes,  37  inches  of  which  hold  about  200  grains  of 
water.     The  shock  was  then  eenaibly  lees  than  with  the  large  tube. 


•[iln.406HidMoteSl.] 
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It  was  afterwards  tried  through  what  length  of  a  tabe^  37  inohes  d 
which  held  44  grains,  the  shock  mnst  pass,  so  as  to  be  as  much  dimin- 
ished as  in  passing  through  44^  of  the  large  ona 

It  was  found  that  when  it  passed  through  5*2  inchee  the  shock  was 
sensibly  greater,  and  when  it  passed  through  8*4  sensibly  leas  than  with 
the  large  one,  so  that  it  is  supposed  it  would  be  equal  if  it  passed 
through  6-8. 

44i  ■"  250! 
so  that  the  resistance  should  seem  as  the  1*08  power  of  the  velocity. 

N.B.     The  quantity  of  water  which  the  tubes  held  was  not  meaanred 
very  exactly. 

575]     The  tubes  used  in  p.  123  [Art  574]  were  measured  by  ( 
and  are  as  follows : 


N» 

Length 
coL  ^. 

Weight. 

[Troy] 

[oz.    pwt.    gr.] 

Length  oi 
colnmn  wh( 

Straight  end. 

same 
uinear. 

Bent  end. 

Weight  of 
87  Inches 
ingrains. 

1 

37*1 

16  .   12 

20-9               20*2 

395 

2 

37*3 

14  .     2 

23*65 

22-9 

335 

3 

38-4 

1.0.8 

24-5 

21*8 

470 

4 

38 

11  .     6 

24-5 

24-7 

263 

5 

37-7 

17  .  17 

21*7 

23*3 

417 

6 

36*8 

14  .  10 

20*4 

20*3 

348 

7 

38-8 

15  .  22 

26*6 

22-3 

364 

8 

38 -G 

17  .  17 

24-8 

21-6 

407 

9 

39-8 

16  .  18 

26-3 

22-2 

374 

10 

37-8 

1  .  10  .     0 

16-9 

17*4 

705 

11 

37-3 

1  .     3  .  20 

22*8 

22-2 

567 

large 

44-7 

8  .  15  .     8 

•  •  • 

•  •  • 

3480 

37  inches  of  the  9  first  tubes,  which  are  what  was  used  in  p.  123 
[Art.  574],  held  together  3373  grains,  therefore  the  shock  was  very  nearly 
the  same,  but  if  anything  rather  greater  when  it  passed  through  one  tube, 
37  inches  of  which  held  3480  grains  of  ^  ,  than  when  it  pa8sed  through 
9  tubes,  37  inches  of  all  which  together  held  3373  grains. 

By  p.  124  the  shock  is  as  much  diminished  in  passing  through  6*8 
inches  of  a  tube,  37  inches  of  which  hold  567  grains,  as  through  44^  of 
one,  37  inches  of  which  hold  3480,  so  that  resistance  should  seem  as  the 
1*03  power  of  the  velocity. 

576]  Comparison  of  diminution  of  shock  by  passing  through  iron 
wire  or  through  scdt  water*. 

In  order  to  compare  the  conducting  power  of  iron  wire  and  salt 
water,  the  shock  of  two  jars  had  its  choice  whether  it  would  pass  through 

*  [Art.  898  and  Note  82.] 
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2540  inches  of  nealed  iron  wire,  12  feet  of  wliich  weighed  H'2  grains, 
or  through  my  body,  each  end  of  the  iron  wire  being  fastened  to  &  pretty 
thick  piece  of  brass  wire  which  I  grasped  tight,  one  m  one  hand  and  the 
other  in  the  other,  and  with  tbem  discharged  tiiejars. 

It  wan  found  that  when  the  straw  electrometer  separated  to  1  ■)-  0,  I 
jnst  felt  a  shock  in  my  wrists,  and  when  it  sepai-ated  to  2  +  0,  I  felt  a 
pretty  brisk  one  in  them  but  not  higher  up. 

I  then  gave  the  shock  its  choice  whether  it  would  pass  through  my 

body,  or  5'1  inches  of  a  coliiuin  of  a  saturated  solution  of  eea,  salt  con- 

L  tained  in  a  gtaas  tube,  I  inch  of  which  holds  9'12  grains  of  freah  water, 

I  the  wirea  running  into  the  salt  water  being  fastened  to  brass  wires  as 

I'  before. 

I  found  the  shook  to  be  just  the  same  as  before,  and  found  too  that 
increasing  the  length  of  the  column  uf  salt  wuter  not  more  than  ^  of  an 
inch  made  a  sensible  diflerttuce  in  the  strength  of  the  shook. 

Therefore  the  electricity  meets  with  the  same  resist^uce  in  passing 
142  1 

through  2540  inches  of  wire  whose  base  is  w^ — ijj  =  fa  ^  through  5'1 

inches  of  salt  water  whose  batie  is  9'13. 

Therefore,  if  the  i-caistance  is  as  the  1  08  power  of  the  velocity,  the 
resistance  of  ii-on  wire  ia  (iOTOOO  times  less  than  that  of  a  column  of  salt 
■water  of  the  same  diameter  *, 

677]  Comparison  of  condaeti/ty  powers  of  salurat&d  solution  of  sea 
aait  and  dutUied  water. 

The  shock  of  1  jar  charged  till  the  straw  electrometer  separated  to 
1  +  OJ,  discharged  through  a  column  of  1,^  inches  of  a  mixture  of 
saturated  solution  of  sea  salt  with  99  of  distilled  water  in  tube  G,  was 
l^M^'"'^  than  when  it  was  discharged  through  351  inches  of  saturated 
solution  of  sea  salt  in  tube  2. 

By  a  former  oiperiment,  tiie  shock  passed  through  j.^g^  of  the 
mixed  water  was  \f^^'^    '  than  through  40  J  of  saturated  solution. 

By  a  mean,  the  resistance  of  one  inch  of  the  mixed  water  is  equal  to 
that  of  36  of  the  saturated  solution,  therefore  allowing  for  the  differeut 
bases  of  the  tubea,  the  reaiatance  of  the  mixed  water  ia  39  times  greater 
than  that  of  the  saturated  solution. 

The  shock  of  two  jara,  charged  to  4  +  0,  and  discharged  tJ 

*  [It  the  reHislaDce  ii 
115400  liniOB  tlint  of  iron 
eeoNote82.] 
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of  distilled  water  in  tube  5,  was  \i^  than  when  it  was  diachaiged 
through  23^  of  the  above-mentioned  mixed  water  in  tube  8. 

By  a  former  experiment,  the  shock  ^Missed  through  -{o^  ^  distilled 

water  was  I?  than  through  23|  of  the  mixed. 

By  the  mean,  the  resistance  of  1*3  of  distilled  water  s  that  of  23J 
of  mixed. 

10*9  inches  of  tube  5  in  the  place  where  used  holds  120  grains  of  9 , 
or  37  inches  holds  408  grains,  which  is  the  same  as  tube  8 :  therefore 
the  resistance  of  distilled  water  is  18  times  greater  than  that  of  mixed, 
or  702  times  greater  than  that  of  a  saturated  solution  of  sea  saltw 

578]  WJtether  the  electricity  is  resisted  in  passing  atU  of  one  medium 
into  a7iother  in  perfect  cotUctct  ivith  it. 

The  9th  tube  of  P.  126  [Art  575]  was  filled  with  8*  oolumni  of 
saturated  solution  of  sea  salt  inclosed  between  columns  of  ^ ,  the  end 
coluintis  being  ^  .  The  tube  7  was  filled  with  one  short  column  of  ^  at 
the  beut  end,  and  a  long  column  of  saturated  solution  of  sea  salt. 

It  was  foimd  that  the  shock  of  one  jar,  charged  till  the  straw  electro- 
meter separated  to  I'O^,  passed  through  a  column  of  the  salt  water  in 

tube  7,  oi  .o  f  inches  long,  was  rather  <  j         diminished  than  in  passing 

through  the  mixed  column  in  tube  9,  the  wires  used  in  tube  9  being 
immeraed  in  the  end  columns  of  i}  ,  and  those  used  in  tube  7  being 
immersed  one  in  the  short  column  of  ^  at  the  end  and  the  other  iu 
the  column  of  salt  water. 

The  length  of  tlie  mixed  column  in  tube  9  was  43*5  inches,  iU 

weight  was  10*5,  the  weight  of  a  column  of  5   of  the  same  length  was 

18-10,  therefore  the  sum  of  the  lengths  of  all  the  columns  of  salt  water 

was   21*8   inches,   and   by   the   experiment   the   shock   was   as    much 

diminished  by  passing  through  24*4  inches  of  salt  water  in  tube  7  as 

through  this.     But  as  the  bore  of  tube  7  in  that  pai*t  which  was  used 

24*4       36 
was  greater  than  tube  9  in  the  ratio  ^r^r^  x  — ~  -  =  1-06  to  1  nearly,  the 

shock  should  be  as  much  diminished  in  passing  through  a  column  22*94 
long  in  tube  9  as  through  one  of  24*4  in  this.  Thertjfore  the  shock  is 
as  much  diminished  in  passing  through  a  mixed  column,  in  which  the 
length  of  salt  water  is  21*8  inches,  as  through  a  single  column  of  the 
same  size  whose  lengtli  is  22*94  inches. 

The  difference  is  much  less  than  what  might  proceed  from  the  error 
of  the  experiment. 

579]  A  slip  of  tin  was  made  consisting  of  40  bits  soldered  together, 
all  ^Q  inch  broad  and  all  about  |  inch  long.     They  were  made  to  lap 

•  [8o  in  MS.     Perhaps  80.] 
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5  inch  over  each  other  in  soldering.  I  could  not  perceive  that 
[he  shock  of  a  jar  was  sensibly  leas  when  received  through  tliia  than 

>ugh  a  slip  of  tin  of  same  teugth  and  breadth  of  oub  single  piece. 

If  the  jar  were  chained  pretty  high  and  a  double  circuit  made  for  it, 
^mely  through  this  piece  of  tin  and  ujy  body,  I  could  not  perceive  the 
'~  ut  seuiuitiuii. 


580]   ^adea 


'g  with  his  large  mac/iine 


A  long  conductor  was  applied  to  the  electrical  machine  and  a  smaller 

conductor  to  its  end,  a  Hciily'a  electrometer  was  placed  on  the  middle 
of  the  lung  conductor,  and  a  small  jar  with  a  Lane's  electi-ometer 
"  ■         ■  ■  ...  -^jj^^  Henly'H 


Lane's  dis- 
charged at 


■-  35  =  -608 

-  50  =  -678  inch. 

■r  30  =  -741 


The  jar  waa  then  changed  for  one  of  rather  more  coat«d  surface 
u  much  smaller  knob.  When  Heoly's  stood  at  30  or  35,  Lane's 
charged  at  17'7  =  -050,  so  that  Lime's  dischiirged  at  nearly  the  i 
distance  with  the  same  charge,  whichever  jar  was  used. 

Heuly's  electrometer  was  then  pbiced  on  an 
the  long  conductor  uear  tlio  furthest  end,  Lane'i 
first  jar  being  placed  as  before. 

Heuly  then  rose  to  55  or  GO  before  Lane  discharged  at  17"55  a  "681 
inch.  Henly  being  then  lifted  higher  it  rose  to  65,  Lane  remaining  as 
before.     It  was  then  lifted  still  higher,  when  it  rose  to 


35  < 


40 


before  Lane's 

discharged  at 


17-55  =  -631 
9-55= -377 
6  55  =  -263 


Lane's  being  then  separated  to  27'55  =  1*060,  the  jar  once  dis- 
chained  over  surface  of  glass  and  once  to  the  electrometer,  but  there 
teemed  reason  to  think  that  Henly's  rose  no  higher  than  before, 
namely  65. 

My  Henly's  electrometer  usually  rose  to  90  when  Lane's  discharged 
at  12-20= -467  inches. 

Therefore  the  distance  at  which  Lane's  discharges,  answering  to 
different  numbers  on  Henly's,  is  as  follows: 


[Lane] 

Henly  on  highest  rod 

65 

1'060 

65 

■681 

50 

■377 

35  or  40 

■263 

Henly  on  conductor 

70 

■741 

55 

■678 

30 

■668 

My  Henly  on  cundiiclur 

h 

20 

■469 

1 
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The  distance  at  whicb  Lane's  discharges  with  a  given  jar  is  nearlj 
proportional  to  the  quantity  of  electricity  in  the  jar,  for  if  a  jar  it 
charged  to  a  degree  at  which  Lane  is  found  to  discharge  at  a  given 
distance,  and  its  electricity  is  communicated  to  another  jar  of  the  same 
size,  so  as  to  contain  only  ^  as  much  electricity  as  before.  Lane  will  then 
discharge  at  nearly  ^  the  former  distancOi 


M[easure8]*. 
581]     M.  1.     C(yinp(Mrativt  charges  qfjars  omd  baiieryf. 

If  jar  1  is  electrified  till  straw  electrometer  separates  to  1^,  and  its 
electricity  is  communicated  to  jars  2  +  4,  pith  electrometer  seiiaratei 
5f .  Therefore  charge  required  to  make  pith  balls  separate  5}  is  to 
that  required  to  make  straw  electrometer  separate  1^  as  3184  to  8909, 
and  that  to  make  pith  separate  5^  to  that  to  make  straw  separate  1^  ts 
2920  to  8909. 

Jars  1  and  2  being  electrified  by  wire  and  jar  <6  by  coating  till  pith 


jar  ■16  by 
|7 


electrometer  separated  1^  and  a  commuidcation  being  then  made  between 

H 

them  in  the  manner  used  for  trying  Leyden  viaJs,  pith  balls  separate  5j 

5  (1316{ 

negative,  therefore  charge  of  jar  6  shouJd  be  <  1273. 

7  (1231 

Charge  of  1  +  2  +  3  +  4  =  12544. 

Jars  1  +  2  +  3  +  4  being  compared  in  the  same  manner  with  jar  •{() 

(' 

the  pith  balls  did  not  separate  at  all. 

M.  2.     If  the  charge  of  jars  l  +  2  +  3  +  4is  called  4 

jar  1  or  2  is  nearly    =      1 
5,  6,  or  7  ==4 

1  row  of  battery        =     22 
whole  battery  =    154 

Jar  8  being  electrified  it  was  found  that  it  must  be  touched  71  times 
by  white  cyl.  to  reduce  the  quantity  of  electricity  to  ^.  The  "4  jars 
must  be  touched  8  J  times  by  do.     Therefore  charge  of  jar  8  =  31. 

A  piece  of  crown  glass  1  foot  square  of  which  weighed  10*12  was 
coated  with  tinfoil  about  10  inches  square. 

*  [Theso  *'Measaros"  are  on  a  Ret  of  loose  sheets  of  diilercnt  sizes  marked  M.  1 
to  M.  21,  and  another  set  marked  M.  1  to  M.  12.] 

t  [Art.  411.] 

X  [ThcHO  numbers  are  given  as  in  the  MS.  They  should  be  each  multiplied 
by  10.  See  also  Art.  585,  where  the  numbers  seem  to  be  deduced  from  some  other 
experiment.] 
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M.  3.  The  charge  of  each  raw  of  the  battery  was  found  by  charg- 
ing to  a  given  degree  by  electrometer  and  touching  it  repeatedly  with 
jar  4  till  the  separation  of  electrometer  was  reduced  to  that  answering 
to  ^  the  charge. 

♦The  1*  2'«>,  S"*,  4^  5^  6**,  7^  row  required  to  be  touched  18,  19, 
17,  18J,  17,  17,  18  times,  therefore  charge 


1*  row 

-26 

charge 

of  jar 

4 

2~> 

=  27-4 

3rd 

=  24-6 

4th 

=  26-7 

5«» 

=  24-6 

gth 

=  24-6 

yth 

=  26 

and  charge  of  whole  battery  =  180  times  that  of  jar  4 

and  real  charge  =  321 000 

and  if  real  charge  by  computed  of  white  glass  =  7*5, 

computed  charge  =  42800 
which  answers  to  187  square  feet  of  glass  whose  thickness  =  y^. 

Therefore  charge  of  jar  4  answers  to  1*04  square  feet  of  D®  thickness. 
The  coating  is  about  -^  of  a  square  foot,  and  therefore  the  mean  thick- 
ness =  '058. 

582]  M.  4.  Let  jar  be  touched  n  times  t  by  jar  which  is  to  first  as 
a;  to  1,  it  will  be  reduced  in  ratio  of  1  to  (1  +x)\  therefore  if  it  is  re- 
duced to  ^  thereby 

(l+a:)"  =  2. 

Therefore  let  N.  L  2  =  o  and  N.  L  (1  +  x)  =pXf 

pxn^a, 


and 


X      a  ' 


but  N.  L  (1  +a;)=a5-  -5  nearly,  rrjc^l  -h), 

X  o 

therefore  P  =  1  -  o  i^early  =  1  -  ^r —  nearly, 

therefore  -=  -(1-  «-)  nearly, 

X     a\        2n/  "^ 

=  ^- J  nearly, 

whence  we  have  the  following 

Kule  for  finding  ratio  of  chai*ge  of  2  jars,  supposing  the  charge  of 
first  to  be  reduced  to  J  by  touching  n  times  by  2"*, 

Charge  of  1"  is  to  that  of  2~»  ::  l-444n-  J  to  1. 

*  N.B.    The  left-hand  row  is  snppoBed  to  be  oaUed  the  1**  row.    Ul  1 
ciro.  inc.  (See  Art.  506)  whole  battery » 481500  dro.  ino.  or  8S1000 
ooonting  1  glob.  ino. =1*5  drc.  ine.,  as  Cayendish  seems  to  do  hersii] 

t  [Art.  413.] 
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583]    M.  5.  jar  1  =   3184  [ciic.  ina] 

2=  3050 
3=  3635 
4=  2675 

5  =  11816 

6  =  12544 

7  =  11816 

8  =  10761 
1«»  row  =  64538* 

Quantity  of  electricity  communicated  to  whole  batterj't  by 

B  +  2A=   3-61 +  2A 

2B  +  2A=   707 +  2A 

3B +  2A  =  10-36 +  2A 

3B  +  C  +  2A=13-16  +  2A 

R  =  20-58 

R  +  B  =23-66  D  =  l 

R  +  2B  =  26-74 

R  +  3B  =  29-83 

Quantity  of  electricity  communicated  to  1*  row  by 

A=    -95  B  +  2A  =  2-56i 

2A  =  l-8  2B+       =  4-581      ^. 

3A  =  2-6  3B+       =6-17|+^-^ 

4A  =  3-3  3B+       =7-54) 


Charge  of  V^  battery  of  Naime. 

584]  M.  6.  Electricity  of  1"*  row  of  old  battery  was  reduced  to  i 
by  touching  \\\  times  by  crown  glass  of  10  inches  square.  Therefore 
charge  of  1'*  row  to  that  of  crown  glass  as  15|  to  1.  The  first  row  of 
new  battery  appeared  by  that  means  to  contain  10*7,  the  2"**  row  11,  and 
the  3"*  11-4  times  the  charge  of  the  same  plate. 

The  mean  area  of  the  convex  coating  of  each  jar  seemed  to  be 
14  X  12i  =  175  inches,  to  which  adding  b^  id  eat  -^  of  area  of  bottom, 
whole  coating  may  be  estimated  at  180  square  inches  of  same  thickness 
as  sides. 


Elect 


(!•'  [10 

.  <2    row  of  new  battery  was  reduced  to  J  by  touching  ^lOi 
(3  (10' 

n3-94 
times  by  jar  1,  therefore  charge  =  jar  1  x  -J  1 4*00,  and  charge  mean  row 

(13-94 
=jai-l  X  14-18  =  45149  inc.  eL 

•  [See  Art.  606.] 

t  [Here  A  seems  to  be  the  charge  of  one  of  the  first  4  jars  taken  as  unit,  B  thit 
of  one  of  the  others  taken  as  4,  and  B  that  of  the  row  taken  as  22,  the  batterr  being 
151,  as  in  M.  2.]  ' 


CHABQE  OF   BATTEHIES. 


By  top  leaf  its  cliarge  should  be 
e  its  computed  charge  =  — r-^-  = 


-  4G390  inc.  el.,  there- 


15-75 

30100,  and  tUickneas  of  glass  should 


585]     M.  7,     WIiKl/ier  shock  of  battery  is  sen»ib!y  dimitiuhed  by  im- 

'  ;i  conduction  of  t/ie  unit  vitUer  in  thejara. 

An  uncoated  glass  jar  like  the  coated  ones  was  filled  with  freFili 

rater  and  put  into  a  glass  jar  of  fi-e»li  water,  a  brass  wire  with  knob 

Mng  put  into  it,  and  a  slip  of  tinfoil  into  the  outer  jar,  it  was  charged 

Bll  straw  electrometer  Eejiarated  to  8  and  tried  by  shock  melter*  filled 

■with]  sea  water,  wires  abuut  3  inc.  diet, 

The  water  in  inner  jar  waa  then  changed  for  sat.  sol.  s.  s.f  and  that 
1  outer  for  about  equal  perls  of  D'"  and  fresh  water,  and  trietl  in  the 
3  manner.     The  shock  seemed  rather  greater,  but  was  plainly  less 
n  el  ectroQi  titer  was  at  7. 

WTien  shock  was  taken  without  sliock  moUer*  it  was  as  strong  with 
L  at  5  as  with  J)"  at  8.     Jar  2  beipg  charged  to  8  and  its  electricity 
peiHamiiiucated  to  jar,  the  electrometer  separated  to  i^. 

fiSG]     M.  8.     Feb.  28,  1T75. 

Specific  gravity  bottle  filled  with  salt  water  from  torpedo  trough 
"  8.4.18  by  ingraved  weights,      Th.   at  49.     Specific  granty 
s  l^)254. 

Being  mixed  with  ^^g  ~  ■3525  its  weight  of  rain  water,  specific 
FpaTity  bottle  weighed  8  .  4 .  1,  Th,  at  49  J,  apeciGc  gravity  1  '0190. 

Excess  of  specific  gravity  above  unity  of  stronger  is  to  that  of  weaker 
■  1335  to  1.     The  quantity  of  salt  in  them  is  as  1-3524  [to  IJ. 


o  gmvity  above  1  differs  pretty  nearly, 
IS  the  quantity  of  salt  in  thum. 


Therefore  the  exceaa  of  specifi 
mt  not  quite,  in  as  greut  a  ratio  : 

M.  9,  April  1.  D"  Spcoiiic  gravity  bottle  with  water  from  torpedo 
trough  weighed  8 .  4 ,  22  by  D°  weights. 

April  29.  Torpedo  trough  filled  with  water  to  within  1  inch  of  top, 
and  58  ok,  suit  added. 

Specific  gravity  botUe  filled  therewith,  Th.  at  70',  weighed  8.4.12. 
At  54 J  same  water  weighed  8.4.1 6^. 

One  bottle  of  sea  water  weighed  S  .  4 .  II,  Th.  at  67.  Anot&Qr 
bottle  weighed  8.4.  19J,  Th.  D". 

Specific  gravity  bottle  with  rain  water  weighs  8.1.  22J. 
[M.  10  blank]. 
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jseei 


M.  11.     JRtUe  for  finding  the  quantiti/  of  $aU  in  tcaier  by  Us 
gravity/. 

quantity  of  stlt 
Let  the  specific  gravity  of  the  solutioii at  46  J  =  S,  and  ^ Ttio 

=  x.     If  S  is  above 

•779 


10675^ 


1 


1-0261  ►  i=  i 
1- 


S- 1+0033 
'719 

S-1  +  -0022 
•789 

S-1 


•779  =  9-8917 

L -719  =  9-8568 

-784  =  9-8942 

vide  Heat  P.  98* 

ft 

587.     In  2"'  Lane's  electrometer  or  1**  detached  da 

40  threads  screw  =1^  inches,  or  1  division  of  plate  =  y^W  uidt 

For  3"*  Lane  D\ 


588]     M.  12. 


June  11. 


For  salting,  t 

Not  salting. 

Mahogany 

2  .  19  . 

6 

8  .  15  .  15 

Wainscot 

2  .  16  . 

10 

3  .     8  .  21 

Beech 

3  .  11  . 

1 

4.5.8 

Ash 

3  .  14  . 

10 

4.7.9 

Alder 

2.4. 

10 

2  .  13  .  12 

Lime 

2  .  11  . 

8 

2  .  18  .  13 

Deal 

2  ,  12  . 

14 

3  .     4  .  22 

Weight  of  the  unsalted  ones  od  June  18,  and  number  of  vibrati<Btf 
of  a  pendulum  X  i inches  long,  in  which  the  electricity  of  1  row  of  the 
battery  was  reduced  from  2  to  1  by  pith  balls  by  touching  with  them, 
the  ends  being  wrapt  round  with  tinfoil  fastened  on  with  gum. 


Mahog. 

Wainscot 

Beech 

Ash 

Alder 

Lime 

Deal 


3 
3 
3 
4 
2 
2 
3 


Weight. 

.  14 
.  7 
.  15 
.  0 
.  11 
,  15 
.     3 


12 

20 

5 

16 
18 
14 
12 


Number  of 
yibrations. 

34 
19 
36 
6 
200 
22 
60 


Loss  of 
weight 


1 
1 
10 
6 
1 
2 
1 


3 

1 
3 

17 
18 
23 
10 


*  [\fr  Vernon  Harcourt,  in  his  Address  to  the  British  Association  (BJl.  JR^^orU 
1839,  p.  48),  has  given  extracts  from  Cavendish's  MS.  on  Heat,  p.  1  to  p.  50,  hat  he 


does  not  mention  any  page  98.1 
t  [Art.  609.] 


::  [So  in  MS. 


589] 

SALTED   WOOD.                                                303 

KL   13.     The  salted  ones  taken  out  of  vtiter  two  or  three  Lours 
■weighed 

Mahogany         3  .  15  .  U 
Wainscot            3.9.0 
Beech                  4.8.0 
AbU                   4  .  H  .  12 
Alder                  3  .     9  .  32 
Lime                   3  .  17  .   11 
Deal                    3.1.4 

June  10^ 
pieces  of  wood 

Bits  of  tinfoil  we 
with  glim. 

re  fastened  round  the  ends  of  tliese 

2B  being  electrified  to  IJ  and  its  electricity  commnnirated  to  the 
wliole  battery  gave  a  slight  shock  when  received  through  the  Lime, 
Alder,  Aah  and  Beech,  but  most  through  the  Lime. 

1R  +  3B  through  wainscot  and  2R  +  3B  through  deal  gave  much 
the  same  shock,  and  SB.  was  junt  sensible  through  Mahogany. 

5fi9]  M.  1 4.  Dimensions  of  coatings  made  to  pieces  of  glaaa 
D,  E,  P,  G;   A,  B,  C,  I,  K,  L,  M,  H.  [See  Art.  324.] 

M.  15.     Bluiah-green  ground  glass  from  Naime  called  K  and  S. 

M.  IG.     Logarithnts  for  calculations  of  these  plates. 

M.  17.        Do. 

M.  18.    Stndght  piece  of  eleot[rifying]  wire,  thickness  '15,  length  30, 

Increase  of  tjuantity  of  electricity  in  wire  of  that  thickness  by  in- 
creasing its  length  from  33  to  53  inches  =  4'53  inches,  therefore  increase 
of  quantity  of  electricity  in  wire  =  increase  length  n  -22^. 

The  two  trial  plates  of  wliite  plate  glaaa,  which  contain  together 
66  inches  of  computed  power,  or  66  «  1-6  inches  of  electricity,  were 
balanced  by  twice  the  sum  of  the  double  plates  A  and  B  -I-  48  of  addi- 
tional wire  =  734  +  10*85  =  84-2  inc.  el.,  therefore  107  inc.  el.  is  to  be 
allowed  for  the  usual  length  of  the  wire. 

I^Jiulet  far  making  trial  }ilales.'\ 

M.  19.  By  P.  21  [Art.  459]  it  should  aeem  that  the  difference 
■between  two  trial  plates  ought  to  be  to  their  sum  as  L  +  8  +  20  inc.  of 

wire  to  L  +  8,  or  as  3-6  +  ^"  ''^''^  to  6C,  or  as  32  :  330. 
P 


mean   quantity  of  electricity  in    the    trial   plates  should  be 
2.  if  notliiag  is  alluwed  for  additional  wire,  therefore  if  this  ia 
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A 

increased  bj  ^^  to  allow  for  uncertainty,  and  the  plate  ^  is  uaed  fiir 

1^      trial  plate,  the  computed  power  should  be  33 .go  » »nd  [M.  20] 

2*123 
the  coating  should  be  a  square  whose  side  =  0.07    * 

Quantity  of  electiicity  in  small  thin  plates  to  be  110*1,  computed 
'power  =  67*8,  diameter  of  circles  to  be 

I  =2-299 
K  =  2-286 
L  =  2-358 
M  =  2-207 

The  trial  plates  to  them  to  be  made  of  plates  I  and  L  — 

^  ^  comp.  power 

of  that  glass  supposed  =  1  '95. 

Computed  power  of  mean  between  the  two  plates  to  be  -        x  r^ 

=  68  =  a  square  of  1*933,  the  thickness  of  the  glass  being  "07,  therefore 
Small  =L|      ,0001  ,   /2126  ,        , 

Large=I/  =  ^'^^^  ^^^«  ^^  \1*  74  ^^^^ 

[1-62  nc, 

^iT  ..        1  Qo  1  J   1 1*74     were  made  to        I 

Oblong  coatings  182  long  and  jg^g  ^^^  ^^^  ^^^^  j^ 

l2i4  Ik 

M.  21.     J        >  trial  plate  for  large  thick  plates  ]  v  ^  be  coated 

{5*7 
g.g  by  6. 

Dimensions  of  trial  platea 


Lengtl 

1.         Breadth. 

A      16-4 

11-8 

B      13 

9-7 

C       10-4 

7-8 

D        8-5 

6-4 

Sliding 

'  Plates. 

Value  of  1  division  in 

Ninnber  of  Plate. 

Inc.  el.        Parts  of  D. 

1* 

-75              -0208 

2nd 

1-50         -    -0416 

grtl 

3-37             -0940 

4th 

8-57             -238 

5*** 

19-0              -530 

6»»» 

18-0              -500 

1  inch  additional  wire 

•226          -0063 

691] 


THICKNESS  OF  PLATES. 


805 


[From  this  table  it  appears  that  D  is  supposed  to  contain  36  "inc. 
eL"  Now,  by  Art  655,  I)  contains  26*3  "globular  inches,"  which  is 
equal  to  41  "circular  inches,"  or  36*7  "square  inches".] 


[Specimen  of  Measurements  of  thickness  by  dividing  engine.] 
590]     2nd  rosin  plate,  [Art.  371,  500]  mean  diameter  5*6. 


M.  23. 


At  2*110  knobs  coincided, 
2-306) 

05V  center      2-3057 
06) 


one  inch  [from  center]  2*3045 


1^  inc.  from  center 
2-303 


2-306 
05 
04 
04 
04 
04J 

2-110  coinc 
2-110  coinc. 

2-306" 
04 
06 
05 
00 
02 
02 
00 
02 
02 
02 
01. 

2 '110  coinc. 
Mean  thickness  a  -195. 

591]  M.  32.  Measures  of  thickness  of  crown  glass  [Arts.  370,  500] 
measured  in  the  middle  of  each  16***  square  part,  the  numbers  being 
placed  in  the  same  situation  as  the  squares. 

C.    At  1*881  the  knoba  coincided. 

1-944    48    61 

48    52    6! 

53    63    4 


M^% 


53    46    U 


mean  1*947,  thickness  *066. 
M. 


A 

•205 

4-02 

B 

•193 

3-99 

0 

•162 

4-01 

D 

•16 

3-98 

1 

E 

•19 

8-06 

F 

•204 

8-03 

G 

•184 

8-04 

H 

•062 

4-35^ 

I 

•066 

4-36 

K 

•063 

4-34 

L 

•068 

4-37, 

M 

•055 

8-68 
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592]  M.  1*     List  of  Plata  glasses. 

First  got. 

[Thickness.]        [Side.] 

Made  into  trial  plates  and  cksed  in  oeiD[ent] 
of  a  greenish  colour  inclining  to  blue  with 
a  great  want  of  transparency. 

not  used. 

coated,  comp.  pow.  «=  46. 

Same  sort  of  glass  as  A  and  B,  but  from 
their  greater  length  and  breadth  I  could 
not  so  well  judge  of  their  coloiir.  Made 
up  into  trial  plates. 

Same  kind  as  C  and  D.     Bemains  not  approp. 

It  is  marked  on  side  with  single  scratchof 
file,  I  with  2,  and  so  on  to  Lb 

Made  into  trial  plates  and  broke  except  L 

More  transparent  than  the  thick  plates. 

not  used. 

The  thickness  was  measured  in  the  middle  of  each  side,  beginning 
with  that  side  to  right  of  letter,  the  letter  being  held  towards  eye. 

Thickness.       Diam.  coating.     Comp.  powen 
Double  plate  ground  glass  A  •S  1  *82  11  •04 

B  •SI  1-855  111 

1*  got  from  Naime, 

2  thickiiih  plates  of  8  inc.  made  into  trial  plates  for  2*^  sort^  called 
S  and  L. 

Another  cut  into  4  pieces  for  trying  effect  of  different  varnishes. 

A  4***  not  used. 

2  thin  ones  of  bluish  glass  coated  in  order  to  serve  for  trial  plates 
to  largest  plate,  and  called  L  and  S,  but  not  used. 

2  thick  plates  and  1  thin  one  rough. 

2  white  glass  plates  from  Naime. 

4  pieces  out  of  same  piece  with  different  sorts  of  surface. 

A  large  piece  of  whitish  plate  glass  divided  into  3  pieces,  one  utied 
for  sliding  tnal  plate. 

4  irregular  shaped  pieces  called  N,  O,  P,  Q.    [Art.  459.] 

2  thinnish  pieces  5  inches  square  with  very  thin  plate  rosin  between. 

M.  2.     1  piece  of  much  the  same  kind  fastened  to  piece  of  crown  glass 
with  cement  between,  used  for  sliding  plate. 

*  [Here  follows  another  series  of  measures  on  loose  leaves  of  different  sizes.] 


F 

^M     593] 

r 


NAIRNES   PLATES  OF  GLASS. 


pieces 
thick  Jo. 
■ge  thin  pieo 

A 
B 


Nairru^t  plate*  (\f  » 
Ont  o(  wat^.    LosB  in 

7.  1.14  2.12 
19.    3.11         7.    3 

7.    0.    2         2.  13 


7'079 
19-173 

7-004 
19-335 

19-083 


1  c 


=  -5378  oz. 

=  9-84973  cub.  ii 


3-644  2-6774 

7-158  26785 

2015  2-6785 

r-221  2-G776 

r-327  2-6782 

r-127  2-6775 

Mean  2-6779 


[The  weights  in  1"  &  2"""  ooluinii  are  in  (nmcea,  pennyweights  and 
gnunB  (Troy),  in  the  3'^  and  4"'  in  decimalB  of  an  ounce,  and  the  5""  is 
the  specific  gravity.  The  number  984973  is  the  logarithm  of  the 
number  of  cubic  inches  in  an  ounce  of  glass.] 

M.  4.  [Gives  1"  the  length  of  each  side  of  each  piece  of  glass,  nnd 
the  distance  between  the  middles  of  opposite  sides  to  hundredths  of  an 
inch. 


y*  specific  gravity  and  mean 

thickneaa  o 

A  to  M  of  Nairne, 

The  results  are 

^ven  in  M.  5. 

Thickness 
calculated. 

The  thick 

Meaaurw 

A 

■2112 

-2095 

B 

-2132 

-2109 

0 

-2063 

-2057 

D 

■2057 

■2047 

E 

■2065 

■2055 

F 

-21  IB 

■2101 

0 

■2022 

■2103 

H 

■07556 

■0735 

I 

■07797 

-0759 

K 

-07712 

-0755 

L 

■08205 

-0804 

M 

-07187 

-0707 

[The  thicknesses  given  in  Art.  324  are  those  calculated  from  the 
weight  in  and  out  of  water  and  the  measurement  of  the  sides.  TLoy 
are  greater  than  the  measured  thicknesses  in  every  case.] 

594]     M.  6.      Meamreg  of  thiekneea  (t°  of  green  glass  cylinder. 
Longest  cylinder :  a  mark  made  with  file  near  middle 
The    1'   column   is  the  distance  in  inches  of  the   point  to  -wb 
cylinder  is  immersed  in  water  from  the  scratch. 
•  lArt.  311.] 
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[594 


The  2"*^  column  is  weight  required  to  balance  it  in  that  position. 

The  3"*  is  the  same  thing  in  the  2"*  trial. 

The  4^  is  the  difference  of  these  numbers,  or  bulk  of  intermediate 
portion  of  glass. 

The  5***  is  the  same  thing  in  2"*  trial,  and 

The  6^  is  the  mean  between  them. 

The  7^  is  the  circumference  in  the  middle  of  that  spaca 


Towards  wide 
end. 

13 

12 

10 

8 

6 

2 
0 


1* 

tri[al]. 

2nd 

tri. 

11 .  12 .  15 

12.22 

11.11.   2 

11.10 

11.   8.   4 

8.12 

11.   6.10 

6.19 

11.   2.14 

2.22 

10.19.22 

17.10 

10.17.   4 

17.10 

10.14.    6 

14.13 

Bulk  int.  space 
by 


1* 

1.13 
2.22 
2.18 
2.20 
2.16 
2.18 
2.23 


2nd 
1.12 

2.22 
2.17 
2.21 
2.18 
2.18 
2.21 


Mean. 

1.12.6 

2.22 

2.17.6 

2.20.6 

2.17 

2.18 

2.22 


Circnin. 

8-696 
8-436 
8-265 
3140 
8-020 
2-940 
2-906 


[after  this  a  table  for  the  narrower  half  of  l"  cylinder,  and  in  M.  7 
for  2'**,  3"*  and  i^  cylinders.     M.  8  and  M.  9  is  a  table  of  11  columna 

1*  column,  distance  from  mark. 

2"**  Mean  loss  [of  weight]  for  2  inches. 

3"*  Supp[osed]  mean  circumference. 

4***  Log.  loss. 

5^  Log.  snpp.  circ[umference]. 

6***  Log.  thick  [ness]  x  p, 

7  Thick.  ^  p  [p  =  ratio  of  circumference  to  diameter]. 

8  True  mean  circ.* 

9  Log.  do. 

10  Log.  comp.  power  of  1  inch. 

1 1  Comp.  power  of  1  inch.] 

M.  10.     Measures  of  the  circumference  and  substance  of  glass  in 
jars  and  cylinder. 

^larka  with  file  are  made  at  the  extremities  of  the  whole  space,  and 
the  numbers  begin  with  the  space  marked  with  double  maik. 


*  By  mean  oironmferenoe  is  meant  the  mean  between  the  inside  and  outside 
oircnmference. 


595]  CTLLKDERS   ASD  JARS. 


The  Bulwtance  of  glass  was  fonnd  l)y  Iianging  it  to  end  of  slidiug 
ruler  fastened  to  oue  cud  of  balance,  and  weighing  it  in  water ;  and  by 
sUding  the  niter  I  made  more  or  leas  of  it  to  be  immersed,  aud  know  ths 
difference  of  the  space  immersud. 

M.  1 1 .     Specific  gravUy  of  differeicl  pieces  of  white  gtaas. 


lArge  jar 

32r,3 

3-253 

small  D" 

3-256 

3-257 

long  cylinder 

3-281 

3-279 

thick  flat  ghiaa 

3 '380 

3-279 

thin  do. 

3-230 

3-28i 

The  Email  jar  being  broke,  a  2°*  was  measured. 

Thickness  measured  by  cali[iers  in  4  diffeient  rows  parallel  to  axis 
and  in  5  diflerent  places  in  each  row,  beginninjj  at  a  sci'ati:h  with  a  61e 
near  bottom. 

[Uere  follow  the  meaauree.] 

The  thickness  was  then  tried  ia  4  different  parts  of  circumference 
at  4'4  inc.  distance  from  scratch. 

It  was  then  weighed  in  water  in  the  same  manner  as  the  others. 

The  jar  -was  dried  before  each  trial,  and  before  the  3"  was  rubbed 
with  Bolnt  p.  ash*,  wliich  made  the  water  stick  leas  to  side,  for  which 
reaauu  it  in  suppoaed  most  exact. 

The  circumference  was  measured  in  two  parts  of  the  middle  sjiace, 
and  they  came  out  both  the  same. 

595]     M.  13.     Measaree  o/coatinga  Icjurs  aiul  ci/liiuLi 

A.  coating  made  to  2*^  small  jar  extending  to  4-4  inches  from  scratch. 
Comp.  power  =  680-7. 

Coating  to  white  cylinder  extends  9-86  inches  from  double  mark, 
Comp  powor  =  684'l. 

A  coating  made  to  4"*  green  cyl.  extending  7  inches  from  mark. 
Comp,  ix»wer  =  318-2. 

A  mark  was  made  on  wide  pai-t,  extending  7'16  inc.  from  new  mark. 
Comp.  power  600-7. 

M.  13.  A  mark  made  on  2"''  green  cylinder  H  inches  fr'oin  first 
towards  thick  end,  aud  the  tub)  cut  oiT  about  1  inch  from  1"  inark. 

A  coating  made  to  the  tliick  part  extending  8-55  inches  from  .8^ 
mark.     Corap.  power  =  600. 


■  [Pearl  Mb. 
f  [386  Art.  1 


EXPERIMENTS  WITH   THE  ARTIFICIAL 

TORPEDO. 

596]     Torp.  1  in  water  touching  sides ♦, 

3  rows  l^t  felt  plain  shock  in  handa 

4  —  more  brisk  in  D^ 
7  —  more  violent  in  D*. 
2  plain  in  !)•. 
1                  sensibla 

+  2  +  3J 
4  +  1+5  +  6-1-  7 — but  just  sensible. 

Out  of  water. 

4  +  1  uncertain. 

4+1  +  2  sensible. 

4  +  1  +  2  +  3  Do. 

5  +  4  +  1  sensible  in  elbows. 
5  +  6  gentle  in  elbows. 

5  +  6  +  7  +  1+2  +  3  +  4  strong  in  elbows. 
1  row  more  violent 

XJncoated,  out  of  water. 

4  scarce  percept 

4  +  1  sensible 
4+1  +  2                           gentle. 

In  water. 

5  +  6  +  7  perceptible. 

Without  any  tori)ed.  jar  4  was  perceptible. 

I  could  not  perceive  any  sensible  difference  in  the  conducting  power 
of  the  water  I  used  k  of  sea  water,  but  the  difference  caused  by  mixing 
y*Y  part  of  rain  water  with  the  sea  water  was  scarcely  perceptible. 

{distilled  waters           ,         i.  f     1 

gg  are  to  each  ,g 

sat.  soL  in  9Q  f  other  nearly  S  i  q/% 

sat.  soL             j            ^  1702 

so  that  there  seems  no  reason  to  thihk  that  the  resistance  of  water 
about  the  saltness  of  sea  water  varies  in  a  quicker  ratio  than  that  of  the 
quantity  of  salt  in  it. 

♦  [Art.  416.] 

t  [3  rows  of  battery  electrified  till  the  electrometer  separated  to  1).] 

X  [These  numbers  are  those  of  the  jars  of  the  first  row  of  the  battery.  Sea 
Art.  583. 

§  [This  shoald  be  condm^ing  power,  instead  of  reiiBtanoe.  The  nnmbeti 
then  agree  with  those  in  Art  684.] 


r 
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Without  hirpedo  jar  1  +  2  +  4  waa  very  sensible  in  elbows,  but  1  +  2 
was  felt  only  ia  wrists. 

597]  liCt  ft  given  charge  be  passed  by  double  circuit  tbrougli  your 
body  and  another  circuit;  let  the  quantity  of  electricity  which  passes 
ali)ng  the  second  circuit  be  to  that  which  passes  through  your  body  as 
(c  to  1 ;  the  rapidity  with  which  the  fluid  passes  through  your  body  ia 
the  same  whatever  ia  the  value  of  ic,  and  the  quantity  which  passes 

Dugh  your  body  ia*  a«  1  +  ai 

If  the  resistance  which  the,  electricity  meets  with  before  it  comeB  to 
ithe  double  circuit  is  to  tliat  which  it  would  meet  with  in  passing  through 
your  body  alone  as  a  to  1,  the  force  required  to  drive  electricity  through 

the  whole  circuit  in  given  time  is  as  »  +  ^ — ~  ,  and  therefore  the  time 
hich  it  ia  discharged  =  ^^^^—  =  —  — — ,  and  the  velocity  with 


which  it  passes  tlu-ough  your  lx>dy  is  as  . — ■ — - —  ,  and  the  strength  of 

In  trying  resistance  of  liquors  hry  double  circuit,  if  the  quantity 

cf  electricity  which  passes  through  the  liquor  ia  to  that  which  passes 

k  through  your    body  as  a;  to    [I],    the  quantity   of   electricity    which 

I  paases  through  your  body  is  as  ^ ,  and  the  rapidity  with  wlucli  it 

passes  through  your  body  is  given. 

In  ti7ing  it  with  single  circuit,  if  resistance  el  in  passing  through 
liquor  is  to  that  in  passing  thraugh  your  body  as  a;  to  1,  velocity  of 

electricity  is  as  ^ ,  and  the  quantity  is  given,  therefore  in  both  ways 

of  trying  it,  the  greater  x  is,  the  moi-e  exact  will  be  the  method,  and  both 
methods  will  be  e(iually  exact  if  x  is  given  or  very  great,  supiHJsing 
the  strength  of  the  shock  to  be  as  the  quantity  of  electricity  into  its 
velocity  t- 

lis 

898]     Shock  produced  by  charge  J22    in   water  beara    the  proper 
(41 

C 
proportion  to  that  caused  by  charge  ■(  8  out  of  watei*. 

(is 

*  [Bhonld  be  Inveriely  as  l  +  z.  The  rost  ia  a  corrpct  atntement  of  thr 
of  derived  cnnents  ni-ooriliug  to  the  luw  sfterwards  published  by  0 
Art.  «7.) 

t  |Tho  "veloeity"  is  what  is  now  pnllcd  the  slrciigth  of  the  aan 
•trentfth  ot  the  ihoek  is  asBuincd  to  be  propotlioual  tu  the  energy  of  tha 
Sm  Am.  *0B,  673,  610,  and  Note  31.]  
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It  is  supposed  that  it  required  about  2f  the  chai*ge  to  give  a  proper 
shock  in  water  as  [it  does]  out,  or  it  is  supposed  to  require  5  times 
quant  el.  It  is  supposed  too  that  it  requires  2**  charge  of  3  times 
quant,  el.  to  give  same  shock  with  torp.  out  of  water  as  without  torp. 

(body  a 

Let  quant  eL  which  passes  through  -^torp.    be  as  <2 ,  if  quant  eL 

(water  [a 

which  passes  through  torp.  is  increased  to  2n^  quant  eL  which  passes 

through  your  body  -j^^.       .   will  be  s  -         ,  therefore  * 

L  a  +  2n  +  1 

a  +  2n  +  l       _^      a  +  24-1 
— ^  — ^ —  must  =  — = — = — ,  or 
2n  + 1  3x5* 

16a  +  30?*  +  16  =  2na  +  6w  +  a  +  3, 

n(2a  +  6-30)  =  14a  +  12, 

14a  + 12 
n  =  -_  — z:.- ,  which  if  a  =  60,  is 
2a  -  24 

14a    __7o<6_Q 


2a  xy 


and  therefore  it  should  require  about  9  times  quant  el.,  or  about  5} 
times  the  charge  to  give  the  same  shock  out  of  water  as  at  present 

599]     Tu.  Mar.         First  leather  Torpedo  *. 

Out  of  water. 

1  row  jars  el.  to  1^  by  straw  el.  and  commun.  to  rest^  a  shock  jast 
sensible  in  elbows. 

1+2  +  3  +  4  +  5  +  6  +  7:  just  sensible  in  hands. 

D°  +  1  row  :  stronger  than  N**  1. 

In  water. 

2  rows  :  plain  in  hands, 
1  row  :  just  senBible, 

3  rows :  i-ather  stronger  than  2  D**  out  of  water. 

600]     Tu.  Apr.  4  [1775]  2"Meathcr  Torpedo. 

Out  of  water, 

5  +  6  +  7  :  very  slight  in  fingers. 

2  rows  :  only  in  hands,  there  seemed  to  be  something  wrong. 

4  rows  :  brL<k  in  elbowa 

2  rows  :  briskish  in  elbows. 

•  [\rt.  416.] 


^^ 

^n 

002] 

:m  and  out  of  water. 

In  water. 
3  rows    just  aenalble  in  bauds. 

i  rowa    pretty  strong  D". 

1"  leather  Torpedo  iu  water. 
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i 

4 
2 

rowa 

nearly  same,  but  I  believe  not  ao  atrong  n 
very  sliglit 

Out  of  water. 

al>t8t. 

J 

\ 

3 
i 

™^ 

Blight  in  elbows, 
strong  ia  elbows. 

■ 

601]    Sut.  Mny  27  [1775]  with  2-'  leather  Torpedo  under  ti 
3  rows  charged  to  1^  on  electrom.* 

Shock  with  one  LajiU  to  one  porsoa  seemed  stronger,  to  another 
weaker  than  with  both. 

Communication  being  made  with  metola  instead  of  the  hnnds,  no 
Khock  voB  felt,  but  when  all  the  rows  were  charged  to  3,  Mr  Ronayne 
felt  a  small  shock. 

With  wooden  Torpedo,  1  row  to  1 J ;  shock  passed  across  27  links  of 
heavy  chain  with  tight.  It  also  passed  across  i  linTt^  of  suiiU  chain 
with  light,  but  not  across  6. 

Without  Torpedo,  5  +  I  +  2  to  li  j  shock  passed  with  light  through 
electrom.,  no  candle  in  room;  also  M-ith  torp.  charged  as  in  trial. 

On  a  former  night  in  trying  wooden  Torp.,  charged  I  believe  much 
the  same  as  this  time,  no  light  was  perceived,  though  Mr  Iluutet  felt  a. 
shock,  but  very  weak. 

One  candle  la  room,  hid  as  well  aa  possible  behind  sci'een. 


DrPriestpey  and  Mr  Lane  touching  with  1  hand  at  same  time, 
Dr  Priestly  felt  shock  extend  to  elbow, 

A  former  night,  3  rows  charged  to  1  J,  Mr  N.  thought  the  shock 
extended  to  elbow;  no  one  else  thought  aa 

Sat.  May  27  [1775]. 

G02J  Old  Torp.  out  of  water  2B  +  A  (8-1)+,  tried  with  metals,  weak 
shock. 

New  torp.  B  +  A  (■I'C)  as  strong  a£  former. 

The  old  Torp.  tried  with  one  hand  holding  metai  mmiust  bottom 
side,  in  other  hand  holding  bright  link. 

*  [Art.  419.     Tho  (nrtin(:i4il)  G>-inuotaB  in  not  cl«ewhcM 
+  [Tha  numbers  [ii  brscttta  nro  Ihi  cliiiryc  trommunisab 
jnir.     See  Art.  5S-J.I 
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[603 


3 A  (3)  no  shock,  with  B  (3*6)  a  very  slight  shock  wheal  toxp.  wu 

just  wetted,  none  eli>e. 

With  long  link,  not  bright,  3A,  (3),  sometimeB  felt  it,  not  alwsji; 
with  2A  never. 

With  wire  of  same  size  bright  without  link,  seemed  not  to  feel  it  so 
well 

With  small  link  not  bright  no  shock  with  B  +  A  (4-6),  but  there 
was  with  B  +  2 A  (5*6);  with  bright  wire  without  link  felt  shock  with 
B  +  A  (4-6),  but  not  with  R  (3-6). 

With  dirty  link  2B  +  A  (8*1),  sometimes  a  small  shock,  not  always; 
with  2B  +  2A  (91),  certain. 


603]    Tried  with  Lane's  electrom.;  dirt  unaltered. 

Bows  of 

batt.  to 
vhich  el. 
is  comm. 


7 
1 

7 
7 
1 
7 
1 

Tu.  May  30  [1775]. 


{ 

(i 


Jan  el. 

Eqniv.* 

II  +  2B 

26-7 

R+    B 

23-7 

B  +  2A 

4-66 

B+   A 

3-56 

R+    B 

23-7 

R 

20-6 

R+2B 

26-7 

R+    B 

23-7 

B  +  3A 

5-6 

B  +  2A 

4-6 

R  +  2B 

26-7 

R+    B 

23-7 

B  +  3A 

5-6 

B  +  2A 

4-6 

shock. 

none. 

small  shock. 

none. 

shock. 

none. 

shock. 

nona 

shock. 

none. 

shock. 

nona 

shock. 

none. 


GO 4]  It  was  tried  wliether  distance  on  Lane's  electrom.  at  which 
jars  discharged  vnxa  the  same  at  the  same  separation  of  straw  &  pith 
ball  electrom.  whether  number  of  jars  was  great  or  small +. 

This  was  tried  first  by  laying  small  knob'd  Lane  on  wire  while  jars 
were  charging,  and  afterwards  by  charging  jars,  without  Lane  lying  on 
wire,  to  a  little  greater  and  little  less  degree  by  electrom.  than  what  it  wad 
before  found  that  they  dischargeil  at;  then  touching  them  with  Laus, 
I  could  not  perceive  that  the  number  of  jara  made  any  difference. 

It  was  tried  by  comparing  1  <&;  4  jars  with  straw  eL  at  2  and  by 
comparing  1  and  7  rows  of  battery  with  pith  balls  at  1. 


[See  Art.  683.] 


t  [Art.  408.] 
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EXPERIMENTS  WITH  CHAIN. 
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It  was  also  tried  whether  the  number  of  jars  electrified  affected  the 
Reparation  of  straw  el. :  by  connecting  4  jars  to  the  wire  <&;  then  with- 
drawing 2  of  them.     It  was  not  found  to  be  at  all  affected. 

Tu.  May  30  [1775]. 

605]  CJuirge  required  to  force  el,  through  4  links  of  small  chains 
and  also  through  2  loops  of  machine* ,  5  links  qfcliain  in  each  loop. 


Bows 
of 

Jars 
el. 

Equiv. 

Batt. 

7 

R 

20-6 

3B  +  C  +  4A 

17-1 

R 

20-6 

3B  +  C  +  4A 

171 

3B  +  C  +  4A 

171 

2B+4A 

IM 

R 

20-6 

3B  +  C  +  4A 

171 

R 

20-6 

3B  +  C  +  4A 

171 

R  +  3B  +  C 

33 

R 

20-6 

3B  +  C  +  4A 

171 

passed  through  4  links 

did  not 

passed  through  2  loops 

did  not 

passed  through  4  links 

did  not 

passed  through  2  loops 

did  once,  failed  once 

passed  through  4  links 

did  not 

passed  through  2  loops 

did  once,  failed  once 

did  not 


old 
torp. 


new 
torp. 


2«« 
"  leather 
torp. 


leather  torp.        R 

old  2B  +  A 

new  B  +  3  A 

without  torp.  A  +  D 


gave  same 
shock. 


Tried  with  new  Torpedo. 

Eqniv. 


Bows 
Batt. 


7 
1 

7 


Jars 
el. 


B  +  A 

3A  +  D 

2B  +  2A 

B  +  3A 


4-6 
3 

91 
5-4 


>  gave  same  shock. 

)  gave  same 
j      shock. 


Trial  of  charge  required  to  pass  through  4  links  of  chain. 


1 

7 
1 
7 
7 
1 


3A 

2-6 

3B  +  C  +  4A 

17-2 

4A 

3-3 

R 

20-6 

3B  +  C  +  4A 

17-2 

3A 

2-6 

sometimes  passed,  sometimeB  not. 

passed, 
passed. 

>  did  not. 


[Art.  483.] 
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[60G 


Tried  wdtli  2  loops  of  machine*. 


[ROWB. 

Jars  el. 

3B  +  C  +  4A 

4A 

B  +  A 

R 

B  +  2A 

B  +  3A 

R 

B  +  A 

B  +  2A 

B  +  A 

B  +  2A 

Eqniv.] 

17-2 

3-3 

3-6 

20-6 

4-6 

5-6 

20-6 

3-5 

4-5 

3-5 

4-5 


did  not 

did. 

did  not. 

did. 

did. 

did  not. 

did. 

did  not. 

did. 


3B  +  C  +  2A.  =  (9-2)  commun.  to  1  row,  2"  passed  through  2  loops, 
once  missed,  once  did  not  pass  through  3,  never  through  5, 

R  communicated  to  7  rows  =  20*6  was  tried  3  times  without  ever 

passing  through  3  rows. 

Wed.  May  31  [1775]. 

606]  1  jar  was  elect,  and  commun.  to  1  row  of  battery,  and  shock 
taken  without  torpedo.  There  seemetl  a  little  difference  in  the  strength 
of  the  shock  according  to  which  row  it  was  communicated  to,  but  hardlj 
more  than  was  observed  at  different  times  from  the  some  row. 

Result  of  exp.  May  30. 

607]  By  mean,  quant,  el.  req.  to  give  same  shock  with  7  rows  is  to 
that  with  1  ::  18-3  :  11-5  ::  1*6  :  If. 


I 


Charge  req.  to  force  through  -j.^  i  with  7  rows  is  to  that  with 

^  ,    ^  (66  to  1  f    (6.2  to  1    ,  (6-4  to  1 

in  rat  between  j..^  ^^  ^  S:  I3..  ^^  ^  ,  by  mean  as  |^.^  ^  ^, 

Tu.  June  6  [1775]. 

608]     The  2"Meather  Torp.   was  tried   in  sandj  wetted   with  salt 

water.     The  Torp.  lay  flat  on  sand  and  was  covered  by  it  all  but  |>os. 

elect,  pai'ts  S:  middle  of  back.     With  3  rows  charged  to  H,  folt  a  shock 

whether  I  laid  bare  hands  on  torp.  ct  on  sand  16  inc.  dLst.  from  nearest 

part  of  D".  or  whether  I  touched  torp.  with  metals.     In  latter  case  sht>ok 

seemed  much  the  same  as  shock  10  inch  ])late  crown  gltiss§  receivei 

9.V 
through  Lane's  el.  at  Yr\r^  inc. 

If  I  laid  pieces  of  sole  leather  ||  which  had  been  soaked  in  salt  wator 
for  a  week  and  then  pressed  between  paper  with  i  hundred  weight  for 


•  [.VrtH.  433,  605.] 
:  [Art.  422.] 


+  [Arts.  406,  573,  CIO,  aud  Note  31.1 
§  [Arte.  411,  430.]  1|  [Art.  423.] 


SHOCK   THROUGH   SALTED  WOOD. 


I  day  to  drain  out  moistura  on  torp.  and  on  sand,  and  receired  shock 
irith  metal  that  way,  shock  was  about  equal  to  tUat  of  10  inc.  plate  with 


The  toi-p.  taken  out  of  sand  and  tried  with  metala  in  usual  wuy  gave 
diock  about  c<qual  to  D"  plate,  Lane  at  IS^. 

g  tried  in  same  manner  with  1  row,  shock  was  weaker  than  in 
ud  through  leathers,  &  with  2  rows  stronger  than  without  leathers. 

The  ape.  gra,  bottle  with  water  which   came  from  sand  weighed 
1.4.  11.     Th.  at  6Q,  so  that  the  wuter  with  which  it  was  mointeaed 
fl  to  be  of  right  strength. 

Bits  of  beech,  wainscot  it  deal*  about  J  inch  square  were 
Q  salt  wat«r  for  3  or  4  days,  then  taken  ont  and  wiped  and 
osed  to  the  air  in  dry  room  for  about  6  hoiira 

The  shock  of  the  Torp.  was  rpcoived  touching  pos.  el.  part  with 
iieg.  with  ono  of  tlipse   bits,  thS   end  which    touched    t!io 
,  and  that  part  which  I  held  in  hand  being  bound  round  with 
a'foil. 


Withe 


s  elect,  to  1^,  I  felt  slight  shriek  through  wainscot :  dist 


With  D°  charge  through  deal,  tinfoils  at  1  inc.,  nona 

With  3  rows  to  IJ;  received  shock  through  bepch,  tinfoils  at  4J  inc. 
pt,  about  as  strong  as  with  1 J  rows  when  touched  with  metals  on  both 


With  D*  charge  through  4  J  infhea  of  dry  deal  dipt  in  salt  water 
nd  tried  the  instant  it  was  taken  out,  none. 

Taking  hold  of  tail  in  one  hand   &  touching  poa.  side  with  metal, 
brisk  shock.     When  toucluDg  neg.  side  with  metal  much  slighter,  the 
I  exper.  tried  with  each  pos.  and  each  neg.  part. 

I        Mon.  June  12  [1775]. 

610]     Jar  1  elect*  to  2J  by  pith  cl.  seemed  to  give  shock  of  some 

strength  as  B  +  2A  comra.  to  whole  battery ;  it  was  weiiker  than  2B 

and  stronger  than  B  commun.  to  D°.  but  as  there  is  a  good  deal  of 

difference  between  the  senaations  of  the  2,  it  is  not  easy  comparing 

[  them. 

According  to  this  exp.  the  numb,  jars  which  «L  should  be  divided 
I  Amongst  in  order  to  produce  given  shock  'l*e  3^  power  of 

I  quant,  el.,  and  therefore  el.  2  jars  ebould  1  ^ore  in  order 

I  to  produce  same  aliock  as  1  jar  t. 
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Mon.  JunelS  [1776*]. 

IR  +  3B  +  C  +  2A  comm.  to  7  rows  =  (34J),  &  el.  to  a  given  mark 
on  pith  eL  gives  shock  equal  or  rather  greater  than  1  row  eL  to  same 
degree  and  not  commun.  to  rest^ 

1E  +  3B  +  C  +  2A  elect,  to  l\  on  straw  eL  and  oomm.  to  rest 
always  passed  through  1  loop  of  machine.  The  same  elect,  to  1  some- 
times passed,  sometimes  &iled. 

1  row  charged  to  1  and  not  commun.  to  any  more  passed  3  times 
through  5  loops  without  once  failing. 

lR  +  3B  +  C-f2A  eL  to  1  and  comm.  to  rest  would  never  pts 

through  2  loops. 

611]  2"**  Leather  torpedo  tried  nnder  water  with  metals  with  glass 
tubes  on  them,  all  rows  charged  to  4  gave  briskiah  shock,  which  wis 
much  greater  than  shock  out  of  water  with  1  row  to  1^,  but  ntber 
less  than  with  2  rows  to  D^ 

The  shock  received  in  same  manner  with  1  row  not  communicated 
to  rest  was  less  when  el.  to  1^,  and  about  equal  when  eL  to  2^. 

With  7  rows  eL  to  1|  shock  of  D*  Torp.  when  received  throu^  tbe 
salted  Ume  tree  wood  gave  slight  shock  about  equal  to  3A  passed  through 
same  wood  without  torpedo. 

Charge  of  7   rows  el.    to  4  is   to   that  of  1|  row  el.  to  1|  as 

^'^-?—  :  1  ::  12  to  1. 
If 

612]  Tu.  July  4  [1775].  2"'*  leather  torp.,  the  wire  belonging 
to  convex  side  fiistened  to  outside  of  battery  and  inside  of  battery  touchtni 
by  wire  of  flat  side. 

3  I'ows  of  battery  charged  to  1 J  and  comm.  to  remainder.  Under 
water  no  sensible  diff.  whether  I  touched  convex  or  flat  side  with  one 
hand. 

Out  of  water,  touching  tail  with  one  hand  and  one  side  of  one  elect, 
organ  with  metal,  a  much  gi'cater  shock  if  I  touched  convex  side  than 
flat  side.     The  event  was  the  same  if  it  was  elect  by  neg.  elect. 

Touching  convex  side  of  both  organs  with  one  hand  only,  standing 
on  electncal  stool,  a  shock  in  that  hand,  but  I  think  scarcely  so  strong 
as  under  water. 

Touching  flat  side  in  same  way,  much  the  same. 

Laying  1  flnger  on  convex  surface  of  one  organ  &  another  finger  of 
same  hand  on  the  middle  of  the  convex  surface,  a  very  slight  shock. 

•  [Probably  Juno  19.  1776.] 
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Lajring  one  finger  on  convex  Burface  of  one  organ  t  the  other  on 
9  nearest  edge  of  the  torpedo,  a  cODsiderably  greater  shock,  but  not 
ong. 

Laying  one  finger  on  convex  and  another  on  flnt  side  of  same  organ, 
I  oonsidorably  greater  shock,  but  do  not  know  bow  to  compare  it  in 
pint  of  aCreogth  with  that  taken  the  UBiial  way. 


Tried  Kit/tout  any  torpedo*, 

wa  and  passed  through  1  loop  of  26 

3  was  not  stretched  by  any  additional 

^ght,  the  shock  did  not  paan.     If  the  middle  link  was  tttretched  by  a 

night  of  7  pwt.  it  passed,  ib  the  light  was  Tisihle  in  a  few  links.     If 

is  stretched  by  a  weight  of  13J  pwt.  no  light  was  seen.      ITiere  was 

>  remarkable  difference  in  the  strength  of  the  shock,  whether  it  was 

eived  through  chain  tended  by  13^  pw.  or  without  chain. 

The  chain  was  fastened  to  the  same  machine  that  was  used  in  a 
!X[teriment,  it  wos  J'9  inc.  long  and  the  diaUnoe  of  the  sup- 


■oom  waa  quitf 
n  the  room. 


dark,  it  being  tried  at  night  without  any  caudle 

3  rows  of  battery  were  elect,  till  pith  el.  aep.  to  1,  its  el.  was 
then  conim,  to  tlie  rest  of  the  battery,  &  I  received  the  shock  of 
1  row,  the  elect,  having  its  choice  wbether  it  would  pass  through  my 
body  or  through  some  salt  water.  I  then  elect.  1  row  of  battery  till 
pith  el.  sep.  to  same  degree,  and  commun.  its  elect  to  rest  of  battery  and 
received  the  shock  of  5  rows  of  it  in  same  manner.  The  shock  seemed 
to  be  nearly  of  same  strength,  perhajts  rather  less. 

Therefore  ahocfc  of  5  rows  elect,  to  a  given  degree  seems  about  equal 
OP  perhaps  rather  less  than  that  of  1  row  el.  to  3  times  that  degrea 

Gl-t]  The  mean  thickneaa  of  the  soction  of  the  elect,  organ  in  the  sec- 
tion given  in  Mr  H.  t  pajier,  in  which  the  breadth  is  10'3  inches,  that 
i^  the   same  as  my  torpedo's,  is  1*3  inc.;   the  area  of  one  organ  is 

2'5  X  5J  ■  -^^  =  9J  sq.  inc.,  as  found  by  cutting  out  a  piece  of  paper 

of  tliat  size  and  weighing  it. 

And  according  to  Mr  H.  there  are  about  liJO  partitions  in  1  inch, 
therefore  comp.  charge  Ifoth  organs  i-ockoned  in  old  way  \» 

19  X  1-3  X  150  X  i  x  IBO-ff^WWO, 

and    the    real   charge   is    1122000   tni 

•  fArt.  4.S7.] 

t  [Anatomical  oliBerralinus  uii  tlii)  torpv 
IVow.  I77a].    Art.  130.I 


the^^^ 
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titions  to  consist  of  plates  of  white  glass  y^  ^(^'  thick,  which  is  aboat 
2^  times  as  much  as  my  battery,  that  being  =  451000  inc.  eL 

615]     Tried  with  the  2"*  leather  torpedo,  new  covered,  in  knre 

trough  full  of  water,  the  torpedo 
laid  flat  as  in  figure,  the  electrical 
organ  being  (as  supposed)  3  inches 
under  water. 

If  torpedo  was  tried  out  of  water 
with  1  row  to  1|  comm.  to  7  and 
touched  with  hands  in  usual  man- 
ner, the  shock  was  just  felt  io 
hands,  and  if  touched  with  metalsi 
was  just  sensible  in  elbow. 

Tried  under  water  in  above-mentioned  manner  with  7  rows  eL  to  4, 
the  upper  surface  being  touched  with  the  pestle  of  a  mortar  held  in  one 
hand,  the  other  hand  dipt  into  water  as  far  as  wrist,  a  shock  in  the  wrist 
of  the  hand  in  the  water  I  believe  full  as  strong  as  the  former. 

The  place  where  the  hand  was  dipt  into  water  was  about  11  ina  from 
the  front  of  the  fish,  and  conseq.  about  14  frx)m  elect,  organ. 

Tried  in  the  same  manner  as  before,  except  that  the  fish  lay  in  in 
open  wicker  basket*,  just  big  enough  to  receive  it,  and  which  had  been 
soaked  for  some  days  in  salt  water.     The  shock  seemed  much  the  same. 

Holding  hand  in  water  in  same  manner  as  before  without  touching 
torpedo — no  sensation. 

With  three  rows  to  1 J  out  of  water,  the  shock  was  stronger  if  I 
touched  convex  side  with  one  hand  laid  fiat  on  elect,  organs  than  if  I 
touched  flat  side  in  same  manner,  but  the  diflerence  was  not  great. 

Charge  of  7  rows  el.  to  4  is  to  that  of  1  row  el.  to  1^  as  19*6  to  1. 

The  water  appeared  by  its  spe.  gra.  to  contain  ^  of  salt, 

•  [Art.  421.] 


siih  Nftime'a  last  battery,  6  jara  being  chose,  each  of  vhich 

feld  very  nearly  the  sftiae  quantity  of  electricity;  the  wires  iniii  into  the 

mt  eiida  of  the  tubes  beiug  made  to  commnuicate  with  the  outside  of 

i  buttery,  and  the  wires  run  into  the  straight  ends  being  fasteDe<l  to 

rate  jiiecoa  of  tinfoil. 

The  sis  jars  were  all  charged  by  the  Banie  conductor:  the  comiuuni- 

Q  with  that  and  each  other  waa  then  taken  away,  and  the  jars  dia- 

l  through  the  tubes,  one  alU>r  the  other,  by  touching  the  above- 

lentioned  bit  of  tinfoil  by  metal  held  in  oue  hand,  and  the  wii-e  of  the 

g  by  metal  held  in  the  other  hand,  the  ahock  being  received  alternately 

rough  each  tube^ 

I  617]    Exp.  1. 


salt  it 


tube  than 


40'7      very  sensibly  leas 
Rensibly  less 
8en«ibly  greater 

rco  sensibly 
just  senaibly  less 
Straw  eleotrom.  =  4.     Th.  =  57.     [Resistance  =  390000  Ohms.t] 
Kesistancc  of  4'7  inches  in  tube  15  su|ipoBed  eqtiiil  to  40'7  in  I 
Thorufora  sat,  soL  conducts  8'(i  tinies  better  than  salt  in  69  of  water. 


Exp.  2. 
Tube    2 


T/us  tame  tnlulioit  tried  in  tules  22  ajtd  23, 

22  electTOBL  at  1  \.     Th.  =  68.     [B.  =  1 18000].  t 


3-3  41        sensibly  greater. 

5'6     I  I  less  in  same  proportion. 

4-4  inches  in  tube  23  =  41  in  tube  22. 
Therefore  sat.  sol,  conducts  8'94  timea  better  than  salt  i 
irMer. 

*  [SBlarstod  eoliilion  uf  eea  ealt.] 

■f  [The  Tesistuiva  at  tbo  eatnmtod  EolriUun  in  Ohmi;.  cnlciilate<l  from  then 
lents  ia  Art.  (US  by  Kohlrauwli's  data,  U  given  for  escb  tube  wttUin  line. 
todicnlG  the  abBolDte  vkIq*  of  the  reHiBtKDoo»  compared,] 
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Exp.  3.     A  neio  saturated  solution  and  solution  in  69  of  water  made 
and  tried  in  tubes  15  athd  U.     [R.  =  390000.] 

3*5  40 '7      just  sensibly  greater.       Electrom.  =  3. 
3-1  very  plain.  Th.  =  57. 

5*5  sensibly  less. 

5*0  just  sensibly  less. 

Therefore  new  saturated  solution  conducts  9*61  times  better  than 
now  solution  in  69. 

Exp.  4.     Salt  in  69  of  waJter  compared  with  saU  in  999  of  water  in 
tubes  22  and  23.  rR.  =  1230000.] 

23        22  Electrometer  ==  If. 

Th.  =  57. 

3'1         41 '1     sensibly  greater. 

3'5  scarce  sens. 

4*3  scarce  sensibly  less. 

4*9  just  sensib. 

5 '3  very  sensib. 

Resist  4*1  in  tube  23  supposed  equal  to  41*1  in  22. 

Therefore  salt  in  69  conducts  9*57  times  better  than  salt  in  999. 

Exp.  5.     Salt  in  999  compared  with  distilled  water  in  tubes  12 

'^^^^'  rR.=  462000.] 

20         12  Electrom.  =  3. 

.  Th.  =  58. 

•78         43*5     sensib.  greater. 

1  '2  scarce  sensib.  less, 

1*4  diff.  more  sensib.  than  in  I'*  trial. 

1  -05  supposed  right. 

Therefore  salt  in  999   conducts   36*3  times  better  than  distilled 
water. 


1*9 
3*3 
2*55 


The  distilled  water  changed  for  rain  water. 

sensib.  greater.       Electrom.  =  3.     Th.  =  58°. 
less,  rather  more  sensib.  than  former, 
supposed  right. 


Therefore  rain  water  conducts  2  *4  times  better  than  distilled  water, 
or  15*2  times  worse  than  salt  in  999. 

The  rain  water  changed  for  distilled  water  with  ^^j^^  of  salt  in 
it 


5*3 
2*7 


sensib.  less. 

about  as  much  greater. 


Therefore  salt  in  20  "^ed  water  conducts  [3*67]  times  better 

Uian  distilled  water,  c  ^'han  salt  in  999. 
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[6]  Salvralal  aoliftim  and  mlt  in  Gd  of  water  {the  neio  aotvfions) 
compared  in  th«  sama  maiintr,  tndif  vting  Vte  jars  1  aiu/  2  inttead  of  the 
hattrry ;  tcilA  l/ie  tviit-i  5  and  17. 

17  5  [R.  =  2,^100.] 

2fi  41 '1     sensib.  greater. 

i>fi  senaib.  leas. 

Therefore  saturatej  aolutioii  conducts  10-05  tiraca  belt«r  tLan  suit  iu 
69  of  wntor, 

61S]  The  electricity  of  the  6  jars  waa  found  to  l>e  ba  rancli 
dimiiiisbed  by  being  coram oiiicated  to  3  rows  of  the  liiitt^ry  as  that  of 
1  row  is  by  being  communiaited  to  4  rowa,  therefore  quantity  of  elec- 
tricity iit  the  G  jot's  is  to  that  in  one  row  as  3  to  4, 

Exp.  7.  SaluvnUd  golutioii  and  salt  in  60  {ttte  new  golutiont)  tried 
in  iJie  same  manner  with  bulteq/ ;  1  row  being  electrified  to  2,  ajul  ill 
electricity  communicfUetl  to  remaining  rowa,  and  one  roto  vaed  at  a 
time. 

Tried  in  tube  5  and  17.        [R.  =  25300.] 


5  '4  41  '4     plainly  less. 

2*6  about  as  much  greater. 

3'0  scarce  aenaibly  greater. 

6'0  juat  sensib.  less. 

3'9.5  supposed  right.     Therefore  aat  sol.  conducts  10-31  times  better 
tluw  salt  in  09. 

•Exp.  8,     Saturated  aolution  compared  tmth  salt  in  29  in  tiibct  22  it 
B33  with  Jaime's  jars. 

Electrometer  1.    Th,  G3,    [R  =  65000.] 

jnst  sensibly  less. 
about  as  much  greater. 
The  bore  of  that  part  of  tube  33  which  was  used  is  supposed  ^ 
roater  than  that  of  whole  tube  together.     Therefore  sat.  sol.  conducts 
5-51  times  better  than  salt  in  29  of  wat«r. 

Exi>.  9.     The  gohilion  in  29  diluted  with  IJ  of  umter,  'v\  est,  solution 
/salt  in  69,  compared  with  eat  solution  in  same  tubes. 

Electtom.  =  1.     Th.  =  03.     [R.  =  05OOO.] 


Therefore  gat  sol.  condttcta  7'79  times  better  than  the  diluted  Bolu- 
,  ftud  tli8  diluted  solution  conducts  2-2  tiwua  worae  than  solutiaa 


23 

22        1 

8-7 
4  8 

24-9 

1 

324 


RESISTANCE  TO  ELECTBICITT. 


[619 


Exp.  10.    Saturated  solution  eompa/re4  with  $aU  in  69  m  iom 

tubes. 


23 


3-1 
1-9 


22 


24-9 


[R.  =  65000.] 


sensib.  less.       Electrom.  =  1.     Th.  —  63. 
as  much  greater. 

Therefore  sat.  solut.  conducts  9 '02  better  than  the  solution  in  69. 


619]  Eocaminaiion  whether  salt  in  69  conducts  better  tohen  warm 
than  when  cold. 

Salt  in  69  in  tube  17  placed  in  water;  solution  in  29  in  tube  23  oat 
of  water,  the  distance  of  wires  in  tube  17  being  not  measured,  but 
remaining  alwajs  the  sama 

Electrometer  =  J. 

23 


8*1  sensib.  less  I  h  at    f      te  =58i 

5  about  as  much  greater)  "~      2* 

4  plainly  less 

2*6  as  much  greater 

Therefore  salt  in  69  conducts  1*97  times  better  in  heat  105  than  in 
that  of  58^*. 


} 


heat  of  water  =  105. 


620]     Examination  whether  the  proportion  which  condu^ng  power  of 
sat.  sol,  and  salt  in  999  bear  to  each  other  is  altered  by  heai. 

Sat  sol.  in  tube  15,  salt  in  999  in  tube  19,  both  in  water;  distance 
of  wii'es  iu  tube  15  not  altered. 

Electi-om.  =  IJ. 

sensib.  less      )  ,      .     -       ,      ^a 
.,  .     >  neat  of  water  50. 

sensib.  greater) 

just  sensib.  greater        )  electrom.  =  1. 

rather  more  sensib.  less)  heat  of  water  95. 

Tlierefore  the  proportion  seems  very  little  altered  by  heatf . 

621]     Jan.  1,  1777.     Salt  in  2999  of  tcater  compared  wiih  water 
distilled  in  jyreceding  summer  in  tubes  12  and  20. 


19 

3-25 
2-15 
2-25 
3-5 

20 


1-5 

1-95 

1-4 


12 


43-5 


Electrom.  =  4  J. 


rather  gi-eater.     Column  of  1  '6  in  tube  20. 
plainly  less.    Supposed  equal  to  43*5  in  tube  li 
greater. 

Tlierefore  allowing  for  different  bores  of  tubes,  salt  in  2999  condocts 
24  times  better  than  distilled  water. 


*  [By  the  cxperimenta  of  Eohlransch,  this  ratio  would  be  1*59.     See  Art  691 
%tid  Koto  as.]  t  [This  agrees  with  the  results  of  Kohlrauscb.] 
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Jan.  3  M.     Same  experiment  repeated  witli  the  same  water,  wliicli 
'  been,  left  in  tlie  tiibea  all  night. 


li  plainly  g 

1  '9  seemingly  less. 

2'1  plainly  less. 

Therefore   salt   in    2999    conducts   22   times   better  than   distilled 
ter. 

The    same   experiment  repeated,  only  the  water  in  the  tubes  was 
hanged  for  freah  by  pouring  out  the  old  and  putting  in  fresh  by  small 
mej,  without  taking  out  the  wirea. 

I'l       I  I     plainly  IeB<i, 

■35  plainly  greater. 

'7       {  [     plainly  leas. 

Therefore   salt  in   2999    conducts   72    timea   bettor  than  distilled 

ter. 

Thfi  same  experiment  rejwated,  only  the  distilled  water  changed  for 
Lt  used  in  the  preceding  year. 

■4  considerably  greater. 

I'l  plaiuly  less,       '8  BU])poaed  efjual. 

Therefore   salt  iu   2999   conducts    47    timea   better  than   distilled 
inter. 

Jan.  3.     Experiment  repeated  with  the  same  witter  left  in, 

■8  plainly  greater, 

1-2  plainly  less. 

Therefore  salt  in  2999  conducU  38  times  better  than  the  distiUcd 
water. 

The  distilled  water  changed  for  the  new  distillod  water. 
■28  plainly  greater, 

■6  plainly  less. 

Therefore  salt  in  2999  conducts  86  timea  better  than  diatilled  watei  *. 
Sail  in  2999  compared  loith  salt  in  150,000  in  itnma  hihes. 
1'2         43'5  senaib.  greater,     Eleotrom.  =  4^. 

1'7  aenaib,  jesa. 

Therefore  salt  in  2999  conducts  26  timea  better  thflSi  I  "~  XOOO, 

The  experiment  repeated  with  the  some  watery  bl 
tube  12  brought  nenror. 

•3         12  5  eensilj.  gi-eater.     Eleotrom 

•15       —  si>nsib.  less. 
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622]  Examination  wheifier  comparcUive  resistance  of  soli  in  S999 
ami  salt  in  150,000  toas  tlie  same  wlien  tried  in  tfie  above-meniitmed 
manner  J  or  wltsn  passed  tlirough  2  wires  in  glass  ofvoater^  as  in  Jig.* 

Jan.  6.  The  tubes  12  and  20  filled  with  salt  in  aboat  105  of  water: 
salt  in  150,000  of  water  in  glass.  2  jars  electrified  to  If  and  commTuii- 
cated  to  the  rest. 

33*5 
If  the  distance  of  wires  in  tube  12  was  ^  o  r  the  shock  was  sensible 

I  IfiSS 

<        .      than  that  through  the  wires  in  glasa 

The  same  tried  as  before,  only  with  the  jars  electrified  to  2  and  tbc 
shock  received  with  shock  melter*. 

If  the  distance  of  wires  in  tube  was  •!  oq.q  shock  was  plainly  -J 

than  through  wires  in  glass. 

The  glass  filled  with  salt  in  2999  and  the  shock  compared  with  that 
through  tube  20  with  same  solution  of  salt  in  105. 

The  jar  electrified  to  2  and  received  with  shock  melter t. 

If  dist.  wires  in  tube  20  was  -j , .  shock  was  J^^*  ^  than  through 
wires  in  gliiss. 

N.B.  Great  irregularity  was  found  in  trying  this  last  experiment, 
the  cause  of  which  I  am  unacquainted  with. 

Therefore  salt  in  2999  conducts  31*5  times  better  than  salt  in  150,000. 

The  same  salt  in  150,000  which  was  used  in  this  experiment  was 
saved  and  compured  with  salt  in  2999  in  the  usual  manner  with  tube? 
12  and  20,  electrometer  at  'li. 

If  distance  of  wires  in  tube  20  was  •!  i  ok  shock  was  plainlv  -IP^ 
than  through  tube  12  with  wires  at  42*4  inches  distant. 

Therefore  Siilt  in  2999  conducts  24*6  times  better  than  Sivlt  in  150,000. 

The  thermometer  in  all  the  foregoing  expeiiments  of  this  vear  sup- 
posed to  be  about  45**. 

G23]  Exp.  11.  Saturated  solution  in  tube  14  compared  with  salt  /;» 
149  a/ water  in  tube  If). 


Tube  15 


1-6 
2'Q 


14 


41-8 


Electrometer  at  3.V.   Th.  =  45. 
[R- 474000.]  " 

sen  sib.  greater, 
sensib.  less. 


Sat.  sol.  conducts  20*5  times  better  than  salt  in  149. 

•  [Soo  fif(uro  in  facsimile  of  MS.  on  opposite  page.  ] 

t  [The  rcadlDg  here  is  doubtful ;  see  facsimile  of  MS.  on  opposite  paf?c.  Caven- 
dish says,  Arts.  601,  602, 616,  that  he  took  the  shock  with  metaU  in  each  hand,  but 
the  word  hero  cannot  be  read  *' metal."  The  word  ocoors  also  in  Arts.  585  and  637] 


I 


^9 

^vA^^ ^''^•^A^ M^^^^^   n-^y*^-^   *^     -^/tt^-^ 


^^ ^i^^ /i^^  ^v^  ■^^'^  ^    "Z-fff    <lr^  r'^-w* 


I 


r .      I" 


P-      -^. 


«l 
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Exp.  12.     Jan.  8.     SaL  sol,  in  tube  22  compared  toUk  salt  in  149  in 
tube  23. 


Tube  23        Tube  22 


1-6 
1-8 
2-4 
2-2 
2  0 
1-8 

1-8 +  2-1  . 


41 


Electrom.li.  Th.=:42.  [R.=  146000.] 

plainly  greater. 

seeming,  greater,  but  doubtful. 

plainly  less. 

rather  less. 

not  sensib.  different. 

seemed  greater. 


in  tube  23  supposed  =  41  in  tube  22. 
Therefore  sat.  soL  conducts  19*6  times  better  than  salt  in  149. 


17. 


Exp.  13.     Salt  in  149  in  tube  5  compa/red  with  ealt  in  2999  in  tube 


Tube  17 

1-8 

2-8 


40-5 


Electrometer  =  3.  Th.  =  44.  [R.  =  652000.] 

sensib.  greater, 
sensib.  less. 


Salt  in  149  conducts  17*3  times  better  than  salt  in  2999. 

By  new  measure  of  tubes. 

Exp.  14.     Same  solutions  in  tubes  18  and  19. 


Tube  19 

2-2 
2-4 
3  0 

2-8 


18 
42-8 


Electrometer  =  1  J.      [R.  =  308000.] 


sensib.  greater. 


not  sensib. 

sensib.  less. 

seemed  less,  but  doubtful. 


2-2 +  2-9  . 


in  tube  19  supposed  equal  to  42*8  in  tube  18. 

Salt  in  149  conducts  16'7  times  better  than  salt  in  2999. 

Exp.  15.     Jan.  9.     Sat.  sol.  in  tube  22  compared  unt/i  salt  in  29  tn 
tube  23. 


Tube  23 

9-7 
9-4 
6-6 
6-9 
6-3 


22 
35-8 


Electrometer  =  1^.     Th.  =  42. 
FR.  =  128000.] 
sensib.  less, 
seemed  less,  bat  d 
seemed  greater, 
not  sensib.  gr. 
sensib.  greater. 


6-5  +  9-7  supp.  =  35-8  in  tube  23. 

Sat.  sol.  conducts  4*38  times  better  than  salt 
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624]     Compartsan  of  water  ptirged  of  air  by  boiling  and  plain  wakr, 
Jan.  12.     Salt  in  2999  in  tube  12.     Salt  in  150,000  in  tobe  20. 


Tube  20 


1-2 


1-4 
1-8 
2  0 


12 


Electrometer  =  4  J.     Th.  =  50. 

plainly  greater, 
seemed  greater,  but  doubtful, 
seemed  less,  but  doubtful, 
plainly  less. 


The  water  was  then  boiled  over  lamp  in  the  same  vial  in  which  it 
had  been  kept  some  time,  and  then  cooled  in  water  and  compared  iu  the 
same  manner. 


2  0 
1-8 
1-2 
1-0 


sensib.  les& 

seemed  less,  but  doubtful, 
seemed  greater,  but  doubtful, 
plainly  greater. 


Therefore  if  anything  water  conducted  better  before  boiling  than 
after,  but  the  difference  might  very  likely  proceed  from  the  error  of  the 
expeiimentb 

In  order  to  see  whether  the  water  had  absorbed  much  air  by  being 
exposed  to  the  air  in  the  trial,  some  of  the  boiled  water  was  exposed  to 
the  air  as  much  as  that  which  was  tried  in  the  tube  was  supposed  to 
have  been,  and  boiled  over  again  in  a  vial.  It  did  not  begin  to  discharge 
air  till  it  was  heated  to  190",  and  then  discharged  but  little.  Some  more 
of  the  boiled  water  which  had  not  been  poured  out  of  the  vial  seemed  to 
discharge  as  much  air.  But  some  distilled  water  which  had  not  beeu 
boiled  began  to  discharge  air  almost  as  soon  as  heated,  and  discharged  a 
gi'oat  deal  before  it  began  to  boil*. 


%'2o\  Comparison  of  water  iniprejnated  tmth  fixed  air  and  plain 
ivater. 

Some  distilled  water  was  impregnated  with  fixed  air  produoJ 
by  oil  of  vitriol  and  marble,  and  con) pared  with  salt  in  2999  in  same 
tubes  and  manner  iis  in  former  exjK^riments. 


1-6 
1-4 

1>G 

L'-8 


Electrometer  =  4J.     Th.  =  55. 

seemed  greater,  but  doubtful. 

plainly  greater. 

not  sensibly  less. 

sensibly  less,  scarce  doubtful. 

idaiuly  less. 


192] 


^.  I't    ^ 


!Ki«^    M^^e  /■^./tr  ya^.    //^    «»-«v 

"Zi^tr  if'  1  /K^t^.     ■fa^    ^     2»  -?^  e'v.t^ 
4U  /y/fru    rr>   iii^    /f  ^^-^.  •■■<»'  /♦(f^-t 
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The  same  water  deprived  of  its  fixed  air  by  boiling,  and  tried  as 
►efore. 


Tuhe  20 


1-2 

1-0 

•9 

•6 

•7 


12 


plainly  less. 

sensibi  less. 

seemed  less,  but  doubtful. 

plainly  greater. 

not  sensib.  greater*. 


G26]  2-3  of  Sal.  Amm.,  32  of  Sal.  Sylvii,  3-17  of  Quadr.  nitre,  2-21 
f  calcined  Glauber's  »<alt  and  14*10  of  calc.  S.  S.  A.t  were  dissolved  in 
rater,  the  solution  of  each  being  3.10.12,  that  is,  such  that  the  quant, 
cid  in  each  should  be  equiv.  to  that  in  a  solut.  salt  in  29  of  water. 

Jan.  13.     SaL  Sylvii  in  tvhe  15  compared  vnth  salt  in  29  in  tube  22. 


Tube  15 


22 


5 


4-5 

7 

7-7 

8-2 


18-2 


Electrometer  =  2.     Th.  =  55. 
[R  =  253000.] 

seemed  greater,  but  doubtful. 

plainly  greater. 

seemed  less,  but  doubtful. 

seemed  less. 

plainly  less. 


-     ~ —  =  6*2  supposed  right 


Jan.  14.    Sal,  amm,  tried  same  way, 

seemed  less,  but  doubtful. 

plainly  less. 

sensibly  greater. 

seemed  greater,  but  duubtfuL 


7-2 
7-9 
5-3 
5-8 


Calc.  S  S.  tried  same  way, 

4  0 
4o 
GO 
5-5 


plainly  greater, 
scarce  sensib.  gr. 
plainly  less, 
sensib.  less. 


t>(dt  in  29. 

4*5 
5  0 
7-0 
C-5 


plainly  greater, 
scarce  sensib.  greater, 
plainly  lesa 
scarce  sensib.  la 


♦  [See  Art.  693.] 

t  [See  facsimile  on  the  opposite  page.    The  ten 
(etc  '6i  and  Preface.] 
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Glauber's  aaUt. 

Tube  15 

22 

4-2 

plainly  less. 

3-8 

no  sens,  difil 

4-2 

scarce  sens.  less. 

4-4 

da 

4-6 

just  sens.  Ie8& 

3-4 

seusibly  greater. 

3-6 

scarce  sensib.  less. 

Quadrang,  nUre. 

40 

plidnly  greater. 

4-3 

seemed  greater,  but  doubtful 

6-0 

seemed  less,  rather  doubtfoL 

6-2 

plainly  less. 

6271  20  of  oil  of  vitriol,  2,  610  of  spirit  of  salt  2,  and  51! 
f.  alk.  D,  were  diluted  with  water,  the  solution  being  3  .  10.  12.  ( 
sequently  the  quantity  of  acid  in  2  first  were  equivalent  to  that  in 
in  59  of  water,  and  the  alk.  in  last  was  equivalent  to  that  in  salt  in 
compared  in  the  same  manner  as  the  former. 

Jan.  15.     F,  cUk     Th.  =  55«. 


4-5 
4-0 
3-7 
5-7 
5-4 


Diluted  oil  of  vitriol, 

4-0 
4-3 
5-0 
4-7 

Diluted  sjnrit  of  salL 


11-8 
8-0 


scarce  sensib.  greater. 

seemed  greater,  but  doubtfuL 

plainly  greater. 

plainly  less. 

seemed  less,  but  doubtful. 


sensib.  greater, 
not  sensib. 
sensib.  less, 
not  sensib. 


seemed  less,  rather  doubtfuL 
seemed  greater,  rather  doubtful. 


Another  diluted  spirit  of  sjilt  was  made  of  same  strength  as 
former.  Being  tried  with  wires  at  9*9  inch,  distance  no  sensible  diffei 
wtis  perceived,  which  agrees  with  former. 

Another  diluted  oil  of  vitriol  was  made  and  tried,  Jan.  16. 


5-2 

7-7 


sensib.  greater, 
sensib.  less. 
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Experiments  in  January,  1781*. 

628]  Some  basket  saltf  was  dried  before  fire,  and  a  saturated  so- 
ution  made  with  it  which  contained  ^^=^  of  salt  J,  and  also  other  solutions 
•f  different  strengths,  all  being  made  with  distilled  water. 

SaL  8oL  in  tube  14,  salt  in  69  in  tribe  15.     [R.  =  399000.] 

Electrometer  3  J.     TL  =  53. 


15 

14 

3-6 
5-8 
5-4 

39-1 

sensib.  greater. 

plainly  less.  ^.g  g^j  ^  ^^^ 

sensib.  less.  ^^  ® 

Sat  soL  conducts  8*63  times  better  than  salt  in  69. 


Same  solutions  in  same  tvhes, 

5-4 
51 
3-6 
3-3 


plainly  less. 

seemed  rather  less.  .  »  j    •  i.^ 

scarce  sensib.  greater.      ^^  ^^^PP**"*  "«»>*• 
sensib.  greater. 


Sat  soL  conducts  9*03  times  better  than  salt  in  69. 
Sat,  sol,  in  tvhe  14,  salt  in  29  in  tube  15.     El.  =  3  J. 


7-3 
110 


sensib,  greater.  ^  ,  j    •  uj. 

.if  9*1  supposed  right. 

aortal  n     loaa  x^Jt  o 


sensib.  less. 
Sat  sol.  conducts  4*1  times  better  than  salt  in  29. 

The  same  soltUions  in  same  tvhes, 

10*7  seemed  rather  less. 

7*5  sensib.  greater. 

7*8  seemed  rather  greater. 

9*7  supposed  right 

Sat.  sol.  conducts  3*85  times  better  than  salt  in  29. 

Tlie  same  solutions  in  same  tvhes.     El.  =  1  J.     [R.  =  136000.] 


2-6 
2-6 
3-7 
3-5 
3-3 


13-3 


seemed  rather  greater. 
jy  scarce  sensib. 
plainly  less. 
Bensilx  leaa 
seemed  ntlifir  leflB. 


2*95  supposed  right 


Sat  soL  conductB  iW 

*  [The  results  of  flkMr 
t  ['*  Salt  made  m  I) 
benoe  called  loaf  mi 
X  [26*45  per  eei 


salt  in  29. 


irt.  695.    See  Note  88.] 
-ieker  baskets,  which  is 

'"^usch.] 
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S<U,  sol,  in  tvhe  14.     Salt  tn  11  m  tube  15.     EL  1|^ 


[R  =  130000.] 


15 

14 

4-7 

13-3 

8 

7-6 

7-2 

sensib.  greater, 
plainly  less, 
do. 
sensib.  Ies& 


5*95  supposed  true. 


Sat  soL  conducts  1*92  times  better  than  salt  in  11. 


The  same  again, 

7 
4-9 
51 


seemed  rather  less. 

sensib.  greater.  605  suppoeed  righ 

seemed  rather  greater. 


Satw  soL  conducts  1  *88  times  better  than  salt  in  1 1. 


The  same  again, 

51 
4-9 
7 


seemed  rather  greater,  but  doubtfuL 

sensib.  greater. 

sensib.  less.  5*95  supposed  true. 


Sat.  sol.  conducts  1*92  times  better  than' salt  in  11. 


629]     Salt  in  142  put  in  tithes  5  and  15  in  order  to  find  xchat  po\ 
o/vdocity  tlie  resistance  is  proporlional  to. 


15 


3-3 

31 

2-9 

2 

2-2 

2-4 

2-6 

31 


41-9 


Electrometer  =  3.     [R,  =  579000.] 


]>lainly  less. 

do. 

scarce  sensib.  less. 

plainly  greater. 

D^ 

sensib.  greater. 

seemed  rather  greater. 

sensib.  less. 


2 '75  supposed  right 


Therefore  log.  vel.  in  15  by  do.  in    5  =  1*2122, 
log.  length  in  5  by  da  in  15  =  M829. 

1*1829 
Therefore  re.-ijitanoe  is  as     ■  ^^    =  976  power  of  velocity 
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RESISTANCE  IS  DIRECTLY  AS  VELOCITY. 


333 


The  same  repeated. 


15 


3-2 

sensib.  less. 

3 

hardly  sensib. 

2-6 

seemed  sensib.  greater. 

2-5 

sensib.  greater. 

2-7 

hardly  sensib. 

2*85  supposed  true. 


Log.  vel.  in  15  by  D**  in  5  =  1-2122, 
Log.  length  in  6  by  D«  in  15  =  1-2122. 
Therefore  resistance  is  directly  as  velocity*. 

630]     Salt  in  69  in  tube  22.     Salt  in  999  in  23. 


23 


4-9 
4-6 
4-3 
3-6 
3-7 
3-4 
3-2 
3-4 


22 


41-5 


Electrometer  =  3  J.     [R.  =  1 335000.] 

plainly  less. 

D^* 

scarce  sensib.  less. 

sensib.  g^ter. 

scarce  sensib.  greater.      ^  ^^      ^  ^^ 

seemed  greater.  ^'^ 

plainly  greater. 

sensib.  greater. 


Salt  in  69  conducts  9*91  times  better  than  salt  in  999. 


Tlie  same  repeated. 

3-4 

seemed  greater. 

3-6 

scarce  sensib.  greater. 

3-2 

sensib.  greater. 

4-3 

scarce  sensib.  less. 

4-5 

sensib.  less. 

3*85  supposed  trua 


Salt  in  69  conducts  10*3  times  better  than  salt  in  999. 

The  sarne  liquors  in  tubes  5  and  17. 

Electrometer  =  1  J.     [R  =  288000.] 

plainly  less. 

sensib.  less. 

hardly  sensib.         «  ^^  j    •  t. 

sensib.  greater.       ^'^^  '^Vf°^  "«*»*• 

hai-dly  sensib. 

Salt  in  69  conducts  11*31  times  better  than  salt  in  999. 


17 

5 

4-2 

42-2 

4 

3-8 

31 

3-3 

*  [This  is  the  first  ezperimontal  proof  of  what  is  now  known  as  Ohm*!  Law.] 
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Ths  same  repeaUcL 

17 


3-3 

31 

4 

4-2 

4-3 

4-4 


hardly  senaib.  greater, 
sensib.  greater, 
not  sensib.  Ie8& 
seemed  rather  less. 

sensib.  less. 


Salt  in  69  conducts  10*75  times  better  than  salt  in  999. 


Scdt  in  999  in  tube  12 ;  distilled  water  m  tube  20.     El.  ==  2|. 

[R.  =  494000.] 
20         12 


43-3 


seemed  rather  less. 


2  or  3  hours  after  it  seemed  rather  greater  at  '5. 

Next  morning  was  plainly  greater  at  '7. 

The  water  being  changed  for  fresh,  seemed  rather  less  at  '3 


The  distilled  water  changed/or  salt  in  20,000. 


21 

2 

1-7 

1-8 
1-9 
2-1 


sensib.  less. 

not  sensib.  less. 

sensib.  greater. 

seemed  rather  greater.     1  '95  supposed  right 

not  sensib.  greater. 

sensib.  less. 


Salt  in  999  conducts  20  times  better  than  salt  in  20,000. 

Salt  in  20,000  conducts  about  7  times  better  than  distilled  watx 
therefore  if  distilled  water  contains  ^  ^  q^^  q  q  of  salt  their  conduct: 
powers  will  be  as  the  quantity  of  salt  in  them. 

The  same  repeated.     Electrometer  =  2. 


2-1 

not  sensib.  less. 

2-2 

seemed  rather  less. 

2-3 

D«. 

2-4 

D^ 

2-5 

plainly  less.                  ^ 

2-3 

seemed  rather  less. 

1-7 

seemed  rather  gi-catei*. 

1-6 

plainly  greater. 

2  supposed  right 


Therefore  salt  in  999  conducts  19-5  times  better  than  salt  in  20,0 
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The  waiera  chomged  for  fresh.     El.  =  2|. 
20  12 


2 
1-9 
1-8 
2-1 
2-3 


scarce  sensib.  different. 

Bensib.  greater, 
not  sensib.  less, 
sensib.  less. 


2*05  supposed  right. 


Salt  in  999  conducts  19  times  better  than  salt  in  20,000. 

The  same  repeated.     EL  =  2. 
42-9 


sensib.  less. 

scarce  sensib.  less. 

^med  rather  greater,      j  .gg  ^^^^^^  ^^^^^ 

sensib.  greater. 
Salt  in  999  conducts  19*8  times  better  than  salt  in  20,000. 


2-3 
2-1 
1-8 
1-7 
1-6 


Salt  in  69  in  tube  22.     Salt  in  142  in  tube  23. 


EI;  =  2.     [R.  =  407000.] 


23 

22 

7-3 

12-65 

7-5 

6-3 

6 

semed  rather  less, 
sensibly  less, 
not  sensib.  greater, 
sensib.  greater. 


6*75  supposed  right. 


Salt  in  69  conducts  1*74  times  better  than  salt  in  142. 


The  same  repeated. 


6 

5-8 

seemed  rather  greater, 
doubtful. 

5-6 
5-8 
7-3 

7 

plainly  greater, 
not  sensib.  greater, 
plainly  less, 
seemed  rather  less. 

6-8 

scarce  sensibly  less. 

6*45  supposed  right 


Salt  in  69  conducts  1*84  times  better  than  salt  in  142. 

Salt  in  999  in  tvhe  12,  distilled  taater  in  tube  20.     El.  =  2  J. 

[R  =  494000.] 
•83  sensib.  less.  N.6.    The  tubes  had  been  measured 

•7  sensib.  greater.  between  the  last  trial  and  this. 

The  distilled  water  was  then  changed  for  fresh. 
'3      I  I     sensib.  less. 
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Another  bottle  was  filled  with  distilled  water  and  tube  20  filled  op 
3     I  I     seemed  rather  less. 


again  with  that. 


631]     T?ie  tube  20  filled  toM  tlie  same  distilled  tvcUer  mixed  tciik 
■^  of  spirits  of  wine, 

*3     I  I     seemed  not  sensibly  less. 

Same  mixture  mixed  with  ^\y  more  of  spirits  ofwlne^  id  est,  sjf  wim 

in  18  of  distilled  water. 

scarce  sensib.  less. 

Equal  bulks  ofsp^  wine  and  distilled  water, 

'3     I  I    seemed  scarce  sensib.  less. 


Pure  spirits  of  urine, 

'3     I  I     seemed  of  2  rather  greater. 


Therefore  there  is  not  much  difference  between  the  resisting  power 
of  the  above  distilled  water  and  spirits  of  wine  and  mixtures  of  the  2 : 
but  of  the  2,  spirits  of  wine  resists  least 


[Calibration  op  TuBEa] 


632]     Tube  14. 

Dist.  mid. 
col.  from 

Length 
col. 

Btr.  eud. 

3  0 

4-08 

9-2 

403 

13-6 

3-9 

181 

3-7 

25-5 

3-54 

3M 

3-46 

3G-8 

309 

42 

2-8 

Tube  15. 


col.  =2-45. 
40-6  inc.  -  28-5  gr. 
4-26- 3  gr. 

12*2  inches  of  tube  next  to  l)end  conbiin 
I  part  of  ^  of  that  in  col.  42-5  long. 


-    3-6 

5-32 

+    1-7 

516 

+    7-9 

4-95 

+    9-9 

4-47 

+  11-6 

4-67 

coL  =  3*25  gr. 
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635] 

After  it  was  mensiired  7  inohpR  were  cut  off  from  wtraight  etid,  aii'l 
the  niirnbera  iu  tiie  first  col.  are  the  tlistaoves  trum  tlio  shortened  end. 
A  new  bend  was  also  made  12-8  from  new  end,  and  the  part  where  the 
tube  U  eqiial  to  tube  14  is  at  103  Erum  D". 

63-')]  Jan,  1781.  The  following  tubes  were  raeasuied  over  again 
\>j  introducing  a  cul.  i}  and  meiLHiinng  its  length  in  3  different  places, 
the  b«^nning  of  the  1"  col.  being  at  J  inch  from  bend,  and  the  begin- 
ning of  the  seeoud  at  the  end  of  the  tirat.  Anothec  column  was  after- 
wards introduced  whose  length  was  pretty  nearly  equal  to  the  snm  of 
the  3  foi-mer,  and  weighed. 


N-of 

1" 

a-" 

»■>       1 

tube. 

ooL 

ooL 

ool. 

14 

12-2 

11-3 

16 

IB 

3-47 

3-71 

3  86 

22 

1303 

13-65 

14-6 

23 

36 

33 

309 

5 

la-G.-j 

14- 

135 

17 

s^.i 

3-18 

3  08 

634]  The  two  following  tubes  were  measured  by  stopptug  up  the 
end  near  bend  and  weighing  them  with  differi'iit  quantitiea  of  <J  in 
them,  and  meusuriug  the  distance  of  the  top  of  the  column  from  straight 
end,  whence  it  was  fouod  that  in 

148     long  beginning         1448 

N"  12  a  col.  286     at  i  inch  =   2777 

42-3     from  bend  4033 

3-17  long  beginning  270 

N"  20  a  col.     6-27  at  J  inch  from  543 

9-97  bend  weighed  881 

G3^]  In  the  following  result  the  column  whose  length  is  gi<-en  in 
the  2"^  column  ia  supposed  to  begin  at  ^  inch  from  the  bei>d. 


By  the  resistance  of  each  is 


grains  $  in  ea«-h  inch' 


[The  resistance  of  a  column  of  m-ircury  one  inch  long  weighing  one 
gmin  ia  '13  Ohms,  and  the  resistance  of  saturated  siiliition  of  salt  wt 
t°  Centigrade  is  to  that  of  mercury  as  10'  is  to  2015  +  45-1  (t-  18). 
Heuoe  the  resistance  as  given  by  Cavendish  must  he  multiplied  by 
6907  +  82-2  (.^9-T)  to  convert  it  into  Ohmn  when  the  tube  contaiiti 
aaluratwl  solution  at  T  rahienheit.] 
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TABLB  or  KESI8TAKCS  OF  TUBES. 


[<» 


Result. 


No. 

Length 
colnmD. 

Besist. 

Log. 
do. 

Besirt. 

for  eaeh 

inch. 

lK>g. 

do. 

14 

12-2 
26-5 
42-5 

14-99 
35-58 
61-36 

M758 
1-5512 
1-7879 

1-229 
1343 
1-444 

•0894 
•1280 
•1595 

15 

3-47 

7-18 

11-04 

4-907 
10-518 
16-591 

•6908 
1^0219 
1-2199 

1^414 
1-465 
1-503 

•1505 
•1658 
•1769 

22 

13  03 
26-G8 
41-28 

5157 
10-817 
17-294 

•7124 
1-0341 
1-2379 

•3958 
•4054 
•4190 

9-5975 
9-6079 
9-6222 

23 

3-6 
6-9 
9-99 

•    1-588 
2-923 
4-093 

•2009 
•4658 
•6120 

•4412 
•4237 
•4096 

9-6446 
9-6270 
9-6124 

5 

12-65 
26-65 
40-15 

1-030 
2-291 
3-463 

•0126 
•3600 
•5395 

•08138 
•08596 
•08626 

8-9105 
8-9343 
8-9358 

17 

3-25 
6-43 
9-51 

•2844 
•5566 
•8121 

94539 
9-7455 
9-9096 

•08750 
•08656 
•08539 

8-9420 
8-9373 
8-9314 

12 

14-8 
28-6 
42-8 

•1513 
-2946 
•4552 

91798 
9-4692 
9-6582 

-01022 
-01030 
-01064 

8-0095 
8-0128 
8-0268 

20 

317 
6-27 
9-97 

-03722 
•07243 
•11293 

8-5708 
8-8599 
9  0528 

-01174 
•01155 
•01133 

8-0697 
8-0626 
8-0541 

Comparison  op  resistance  op  copper  wire  with  that  of  sat.  sol 

636]  The  wire  was  wound  on  reel  on  bars  of  glass  about  |  inc 
})road,  the  distance  of  one  round  of  wire  from  the  next  on  same  ba 
being  '6. 

The  mean  circumference  of  reel  =  46-7  x  2  ^^2*. 

There  were  8  rows  of  glass  bars,  and  28  rounds  of  wire  on  each  ro« 
and  on  one  row  there  was  ^  round  over.     Therefore  whole  length  c 

wire  =  93-4  xj2x8x  28-^1  =  29623  inches. 

*  [The  reel  was  probably  square,  with  glass  bars  at  the  comers,  the  length  ( 
the  diagonal  bemg  46*7  inohes.] 


637] 
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This  weighed  2967  grains,  consequently  there  are  9*984  inches  to 
1  grain. 

N.B.     Thei*e  were  many  knots  in  the  wire. 


637]  The  resistance  of  this  wire  was  attempted  to  be  compared 
with  that  of  sat.  soL  in  tube  17  by  shock  melter*  as  in  former  experi- 
ments, but  without  succesa  It  was  therefore  compared  by  the  sound 
of  the  explosion  by  discharging  the  jars  by  a  wire  without  its  passing 
through  my  body ;  but  in  this  there  was  considerable  difficulty,  as  the 
light  of  the  spark  passed  through  the  wire  was  very  different  fh)m  that 
passed  through  the  water,  the  first  being  reddish  and  the  latter  white. 
The  sound  also  was  of  a  different  kind,  the  latter  being  sharper. 

Distance  of  wires  in  tube  17. 

El.  =  4. 
not  sensib.  diff. 


•68 

•6 

•55 

•5 

•45 

•9 


1 
1 


scarce  sensib.  stronger. 

doubtful. 

seemed  rather  greater. 

seuMib.  greater. 

seemed  sensib.  lesa 

da 

sensib.  less. 


1- 

1-2 
•6 
•7 


•2 
•8 

1- 

1-2 

1-2 

1 
•8 
•4 
•5 


•5 
•6 
•7 
1 


scarce  sensib.  less, 
not  sensib.  less, 
seemed  rather  less, 
plainly  greater, 
not  sensib.  greater. 

not  sensib.  gr. 
seemed  rather  gr. 
plainly  gr. 
seemed  rather  les& 
D^ 
plainly  less. 

plainly  less. 

scarce  sensib.  less, 
sensib.  gr. 
scarce  sensib. 

sensib.  gr. 
seemed  rather  gr. 
not  sensib.  diff. 
seemed  rather  less. . 


►  El.  =  5  J. 


I  EL  =  3. 


El.  =  3. 


►  El.  =  4. 


[See  Arts.  585  and  622.] 
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638.  Two  Leyclen  vials  were  made  of  barometer  tubes  filled  with  9 
and  coated  on  outside  with  tinfoil  The  quantity  of  electridtj  in  them 
was  found  to  be  very  nearly  the  same,  but  thiat  in  N^  1  rather  the 
greatest. 

The  charge  of  each  of  these  tubes  is  about  714  inches,  and  that 
of  the  large  jars  about  6100,  and  that  of  the  three  jars  1,  2  and  4 
together  is  also  6100*. 

The  shock  of  these  tul>es  was  received  through  mj  bodj  in  the 
same  manner  as  in  trying  the  large  jars,  either  by  making  the  shock 
pass  through  the  copper  wire  or  through  the  sat  soL  or  receiving  it 
in  the  simple  manner  without  passing  through  either :  the  exfierimtiit 
being  tried  as  usual  by  charging  both  tubes  from  the  same  conductor  and 
receiving  the  charges  of  one  one  way  and  the  other  the  other. 

639.  It  was  found  by  repeated  trials  that  the  shock  received 
through  the  copper  wire  was  plainly  greater  than  the  simple  shock. 
When  received  through  the  sat  soL  with  wires 

in  contact  not  sensib.  less  than  simple, 
at    '1     dist  seemed  i*ather  less,  but  doubtfuL 
•5  D^ 

1  D^  scarce  doubtfuL 

2  not  doubtful. 
4             D^ 

6*6  considered  lesa 

The  tubes  charged  to  1 J  by  old  electrometer. 

640]  It  was  also  found  by  the  small  jars  1,  2  or  4  that  the  shock 
received  through  the  wire  was  stronger  than  the  simple  shock. 

The  shock  through  the  wire  was  alno  much  greater  than  the  simple 
shock  when  the  covering  which  was  put  over  the  wire  to  defend  it  from 
accidents  was  taken  away. 

It  was  also  plainly  greater  when  the  shock  passed  through  onlj 
3  rows  of  the  wire  instead  of  the  8. 

If  the  shock  was  received  through  166  inches  of  the  same  wire  not 
stretched  upon  glass,  without  any  knots  in  it,  it  seemed  not  at  all  greater, 
but  if  anything  less  than  the  simple  shock.  It  was  the  same  if  received 
through  a  piece  of  wire  of  about  the  same  length  with  37  knots  in  it 

641]  Some  more  of  the  same  wire  whs  stretched  by  silk  into 
32  X  12  rows,  each  78*7  inches  long;  consequently  the  whole' length  wjtf 
30220  inches.     It  weighed  3272  grains,  id  est^  9-24  inches  to  a  grain. 

*  [Probably  globular  inches.    The  uumboiB  do  not  agiee  with  those  in  Art.  58.^.] 


643]  SHOCK  CHEATER  TRROUdH  WIRE,  341 

The  sbock  of  the  above-mentioned  tubes  was  sonaibly  greater  when 
I  received  through  this  last  wiie  than  when  received  simply,  but  was 
apnsidenibly  less  thaa  when  received  through  the  first  wire. 

They  were  then  compared  by  smund  with  the  same  tube  chained 
t  5J,  when  the  aouud  of  the  abock  [laased  through  the  new  wire  was 
"  irper,  and  the  other  fuller. 

The  sound  of  the  shock  passed  through  the  new  wire  seemed  full 
I  biisk,  and  the  light  as  white  as  of  that  passed  through  '55  of  sat.  soL, 
^t  not  near  no  stning  as  when  the  wires  in  sat.  sol.  were  in  contact, 
Be  sound  and  light,  however,  seemed  nearly  of  the  same  kind.  When 
in  tube  was  1-1  the  sound  was  evidently  less  loud  than  that 
ilith  the  wire. 

When  the  shock  was  allowed  to  pass  thi-ongh  both  wires,  the  sound, 
I  thought,  seemed  much  of  the  same  kind  as  when  passed  through  new 
wire  singly, 

The  shock  passed  through  both  wires  felt  plainly  greater  than  the 
simple  shock,  and  the  diSerenee  seemed  greater  than  that  between  the 
new  wire  siniply  and  the  simple  shock. 

In  the  foregoing  the  shock  passed  at  the  same  time  throngh  both 
wires,  but  it  was  then  tried  so  that  it  should  first  pass  through  old  and 
from  thence  through  new  wire. 

The  shock  felt  then  evidently  stronger  than  the  simple  shock  or 
that  through  new  wire  alone,  but  I  could  nut  tell  whether  it  was  gi-eater 
or  less  than  that  through  the  old  wire  alone. 

G-121  A  piece  of  the  same  wire  was  wound  about  150  times  round 
one  of  the  sli[M  of  glass,  and  was  laid  flat  on  another  of  these  slips  which 
lay  fiat  on  a  table. 

The  shock  of  these  tubes  seemed  rather  greater  when  received  through 
this  wire  than  when  received  simply,  but  the  difference  was  not  con- 
siderable, but  it  seemed  evidently  less  than  the  shock  received  through 


643]  The  wire  wws  taken  from  off  the  reel  with  the  slips  of  glass, 
and  alt  except  o  smiiU  part  of  il  stretched  round  the  gai-den  in  14 
rouoda.  The  shock  of  ttie  above-mentioned  tubes  received  through  this 
wire  felt  plainly  greater  than  that  passed  through  the  wire  stretched  by 
the  silk  threads,  and  much  greater  thiui  the  plain  shock.  ' 

The  shock  passed  through  the  sat.  hoI.,  wires  in  contact,  seemed  abm 
I  to  the  plain  shock. 
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The  spark  passed  through  garden  wire  seemed  rather  redder  tbu 
that  through  the  silk  wire,  but  the  difference  was  not  remarkable^ 

The  spark  passed  through  garden  wire  seemed  about  as  strong  as 
that  through  about  '8  of  an  inch  of  saturated  solution,  but  sensibly 
redder. 


644]  The  reel  was  altered,  and  some  copper  wire  silvered  stretched 
upon  it. 

The  mean  circumference  of  reel  =  44*05  x  2  J2. 

There  were  12  rows  of  glass  bars  and  42  roands  of  wire  on  each  rov, 

therefore  whole  length  of  wire  =  88-1  x  ^  x  12  x  42  =  62790  inches. 
This  weighed  5747  grains.  Consequently  there  are  10*93  inches  to 
1  grain. 

The  shock  received  through  this  wire  felt  vastly  stronger  than  the 
simple  shock;  the  shock  of  tube  2  received  through  the  wire  with 
electrometer  at  1^  seeming  little  less  strong  than  the  simple  shock  with 
the  same  tube  and  the  electrometer  at  If,  but  considerably  stronger  than 
with  electrometer  at  \\, 

645]     The  above-mentioned  wire  compared  with  sat.  soL  by  sonnd. 

1*46.     Seemed  more  brisk.     The  light  of  salt  water  white,  the  other 

very  red. 
1*7     D*'^ 

3-5    D°[    El.  =  5  J. 

5-5     D"J 

8*7     I  believe  nearly  the  same. 

8*3  seemed  much  weaker.     El.  =  3. 

6  seemed  rather  greater. 

7-5  doubtful 

8*5  seemed  rather  weaker. 

6  seemed  rather  stronger. 

* 

7-2  doubtful.     El.  =  3. 

8  5  seemed  rather  weaker. 

6  doubtful. 
5  D^ 

4        seemed  stronger. 
8*5     seemed  leather  weaker. 
8-5     doubtful. 

9-5     1  believe  rather  less,  certainly  a  sharper  sound,  but  I  believe  rather 
less  loud. 

7  seemed  greater. 


646] 
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1-65 
2    " 

=  •82 

1-8 
2    " 

=  •9 

M 
2    ■ 

=  •55 

1-3 
2    ■ 

=  •65 

1-6 
2    ■ 

=  •8 

U-5 
2    " 

=  7  25 

12-5 
2    " 

=  6^25 

16-5 
2    ' 

=  8-25 

3-72 


=  •74 


21-75 


=  7-25 


646]     -74  of  sat.  sol.  in  tube  17  is  equivalent  to  29623  inches  of 
copper  wire,  9*984  inches  of  which  =  1  grain. 

7-25  of  sat  soL  in  do.  =  62790  of  copper  wire,  1093  of  which  =  1 
grain*. 


,♦  [Length  of 


snffth 
wire. 


29623 
62790 


BMistance  of  pnxe  copper 
calculated  from  Matthieweii 
annealed.  hard  drawn. 


424 

984 


438 

1004 


Beiistanoe  of  ntiurated 

•olntion  in  tube  17 

calculated  from 

Kohlranich. 

418 
4046] 


RESULT. 


647]  1773,  p.  92  [Art  657].  The  connectmg  wire  to  the  two 
plates  of  9-3  inches  contains  1*4  inc.  el.  The  connecting  wire  to  the 
rosin  plates  of  p.  86  [Art  554],  should  contain  rather  more  in  propor- 
tion to  its  length  than  this,  id  est,  rather  more  than  *28. 

By  p.  93  [Art.  557],  the  4  rosin  plates  seemed  to  contain  about 
^  inc.  el.  less  when  placed  close  together  than  at  dist.  Let  us  therefore 
suppose  that  the  charge  of  2  rosin  plates  placed  close  together  with 
connecting  wire  between  them  exceeds  twice  the  charge  of  1  plate  by 
*28  inc.  el.,  and  that  the  charge  of  4  plates  exceeds  4  times  the  charge 
of  1  by  2|  times  that  quantity,  or  *7  inc.  el.  Let  us  suppose,  too,  that 
the  charge  of  the  2  double  pLeites  A  <&  B  with  connecting  wire  exceeds 
twice  the  charge  of  1  by  *28. 


648]     8  square  inches  of  elect.  =  9  circular  inche& 

L.* 


glob.  inc.  el*  __  ^  .c  j 
cira  inc.  el. " 

circ.  inc.  el. 
glob.  inc.  el. 


=    -649 


=    -1880. 


=  9-8120. 


Res.  p.  5  [Art.  654], 


N.B.     By  inc.  el.  is  meant  circular  inches  of  electricity. 


649]     Mar.  13.     P.  85  [Art.  553]. 


[Side  of  square  equivalent  to  trial 
plate  when  the  balls  separate 


negatively, 

positively.] 

Differenoe. 

Mean. 

Circle  18  J 
Double  B 
Double  A 

17-66 
17-89 
17-89 

13-34 
13-34 
13-34 

4-32 
4-55 
4-55 

15-50 
15-61 
15-61 

Circle  36 
2  doub. 
D 

33-65 
31-38 
29-61 

26-56 
24-08 
22-53 

7-09 
7-30 
7-08 

30-10 
27-73 
26  07 

*  [These  logarithms  are  correct  only  to  three  places  of  deoimals,  they  should  be 
'>1875  and  9-8122.    See  Note  85.] 


649] 
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Moil  Mar.  15.     P.  85. 


[Side  of  square  eqolTalent  to  trial 
plate  when  the  balls  separate 


negatively, 

positively.] 

Difference. 

Mean. 

Giro.  36 

33-66 

27-18 

6-47 

30-41 

Circ.  30          1 

28-42 
2810 

Plate  air 

30-87 

24-39 

6-48 

27-63 

2  donb. 

3113 

24-39 

6-74 

27-76 

D 

29-86 

22-84 

7-02 

26-35 

Doub.  B 

18-22 

13-82 

4-40 

16-02 

Doub.  A 

18-22 

13-82 

4-40 

16-02 

Circle  18^ 

18-11 

13-58 

4-53 

15-84 

Mar.  19.     P.  86. 

Circle  9  9 -28 

Kosin  1  10-59 

2  10-47 

3  10-59 

4  10-35 
l  +  2Roein  18-56 

3  +  4  18-67 
Circle  18  J  18-00 
Circle  36  33 -90 

4  rosin  3214 


Mar.  23. 

Circle     9 
Kosin 


P. 


3 
1 
2 
3 

4 
Rosin  1  +  2 
3  +  4 
Circle  18  J 
Circle  36 
4  rosin 


90  [Art  554]. 

9-28 
10-22 
10-09 
10-22 
10-22 
18-56 
18-56 
17-66 
34-40 
33-40 


Mar.  24.  P.  91. 

Circle  36  33-65 

Plate  air  1  30 -75 

4  rosin  31-76 

rosin  1  +  2  1834 

3  +  4  18-78 

Circle  18  1811 

Circle  9-5  9-56 

Rosin     1  10-83 

2  10-83 

3  10-83 

4  10-83 


6-48 

7-13 

6-91 

7-24 

7-02 

14-51 

14-62 

13-82 

27-49 

25-94 


27-49 

25-01 

25-32 

14-51 

14-51 

13-82 

6-48 

7-35 

7-46 

7-46 

746 


2-80 
3-46 
3-56 
3-35 
3-33 
4-05 
4-05 
4-18 
6-51 
6-20 


6-16 
5-74 
6*44 
3-83 
4-27 
4-29 
3-08 
3-48 
3-37 
3-37 
3-37 


6-48 

2-80 

7-88 

7-13 

3-09 

8-67 

7-02 

3-07 

8-55 

7-13 

3-09 

8-67 

713 

3-09 

8-67 

14-06 

4-50 

16-31 

14-06 

4-50 

16-31 

13-34 

4-32 

15-50 

26-56 

7-84 

30-48 

26-25 

7-15 

29-82 

7-88 

8-86 

8-69 

8-91 

8-68 

16-53 

16-64 

15-91 

30-74 

2904 


30-57 
27-88 
28-54 
16*42 
If 

r 
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650]     [Results  of  Art.  649.]    By  Mar.  13.     [Art.  653.] 

Double  plate  =  circ.  18 J  +  '11  sq.  inc.,  or  '12  inc.  el. 

Giro.  36  =  2  doub.  +  2*67  inc.  el.  without  allowance  for  com- 
municating  wire,  <kc.,  or  2*95  with. 

D  =  2  doub.    —  1  '60  with  allowance. 

Circ.  361 


•c.  36)     ^.        1Q1     o  f+3-19 


By  Mar.  16  [Art  553]. 

Doub.  pL  =  18J  +  -20. 

D     j  (-    -91  (-1-51 

pi.  air   >  =  circ.  ISi  x  2  ■<  +    -53  =  2  doub.  •<  +    '13  with  allowance 
circ.  36)  "         (  +  3-66  (+3-26 

651]     All  the  following  are  with  allowance. 

Mar.  19  [Art.  554].  1  ros.  =circ.   93  +  101. 

circ.  18^  =  2  ros.  -    -47  =  circ.   9-3x2  +  1*55. 
circ.  36   =  4  ros.  +  2*61  =  cira  18J  x  2  +  3-55. 

Mar.  23  [Art.  554].  1  ros.  =  circ.  93  +  -85. 

circ.  18J  =  2roa-    •63  =  circ.  9*3  x  2  +  1-07. 
circ.  36    =4  ros. +  1-44  =  circ.  18|x  2  +  2-76. 

1-32 

Mar.  24  [Art.  554].  1  ros.  =  circ.   9-3  +  1-25. 

circ.  18i  =  2  ros.  -    -36  =  circ.   93x2  +  214. 

cii-c.  36"  =  4  ros.  +  2*98  =  circ.  18i  x  2  +  3-70. 

Plate  air  1  =  circ.  36  -  303  =  cii'c.  18|  x  2  +    -67. 

By  mean  of  all 

circ.  36    =  circ.  18 J  x  2  +  3*37. 
cira  18i  =  ciic   9-3x2  +  1-59. 

Therefore  charge  of  circle  of 

18^  ina  ^^'^'^^  2"  •'^^'^^  *^  <=^  °^  ^l\  by  1-69  ' 
37    inc.  exceeds  4  times  charge  of         2^  by  7*85. 

652]     *If  charge  circle  is  greater  than  it  would  be  if  placed  at  a 
great  distance  from  any  other  body  in  ratio  of  a  :  a  —  36, 

charge  circ.  of  18  J  should  exceed  in  ratio  of  a  :  a  —  18  J  and  so  on. 

Therefore,  if  we  suppose  a  =  167, 

(36  (9-89 

charge  cira  <18^  should  exceed  its  true  charge  by  <  2-31 , 
(9 -3  (  -55 

•  [See  Art.  338,  and  Note  24.] 
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aud  charge  cira  36  should  exceed 

2«  charge  of  18J  by  4-27    ^^^^  ^  (-90  greater 
4  times  charge  of  9*3  by  6*49  '  (-06  less 

than  by  experiment,  and  charge  circ.  18  J  should  exceed  2**  charge  of 
9*3  by  I'll,  which  is  '58  less  than  by  experiment. 

We  will  therefore  suppose  that  the  charge  of  cira  18  J  or  of  globe 
12*1,  as  found  by  experiment,  exceeds  the  time  charge  in  the  rado  of 
9  to  8,  as  it  should  do  if  a  =  167. 

653]     1771.     P.  16  [Art  456]. 


doub.  B  contains  ^ 
doub.  A  contains 


^1  8^'  i^<5'  ^'  Vi4  ^^*  ^^  ^®^  ihsu  circ.  18  J. 


1772.  P.  12  [Art.  478]. 

doub.  B        .  .      '11        .  '12    .      .  xu       •      lot 

d    b  A  ^^^^°*  .oq  ^'  ^^*  ^^  .26  ^^^'  ^^  niore  than  oirc.  18  J. 

1773.  P.  85  [Arta  553  &  650].    Each  doub.  plate  contains  '16  circ. 
inc.  more  than  circ  18|. 

1  .OK 

654]     P.  15.    1771  [Art  456].    Globe  cont  ^sq.  inc.  or  -35  cira 
ina  more  than  cira  18*5. 

P.  12.     1772  [Art  478].     Globe  contains  same  as  cira 

By  mean,  globe  of  12*1  =  cira  of  18*67,  or 

globe  of  12  inc.  =  cii'a  of  18*5. 

Therefore  1  cira  ina  =  '65  glob,  ina 

or  1  sq.  ina  =  *73  glob,  ina 

Def.     2'he  clharge  of  globe  1  inc.  diam,  placed  at  great  dist.  from  any 
other  body  is  called  1  glob,  inc. 

The  cira  18-5  =  135  glob,  ina* 

The  doub.  plate  A  or  B  is  supp.  =  13*6  glob,  ina 

655]    P.  18,  1772  [Art  483], 

D,  E,  F  <b  G  cont  *68  ina  eL  lees  than  2  doub. 

P.  19,  1773  [Art  509], 

D  <b  F  cont  1  ina  less  than  da 

P.  59,  1773  [Art  533], 

D,  E  <b  F         cont  1^  ina  less  than  da 

•  [See  Note  86.] 
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P.  85,  1773  [Art  653], 

D  cont  1  *6  less  than  2  doub. 

D  cont.  1*31  less  than  da 

D  cont.  1-36  less  than  2"  dm  18J. 

D  cont  *91  less  than  da 

D  is  supposed  to  cont  1  '3  cira  inc.  or  *85  glob,  ina  less  than  2  doah, 
id  eat,  26*3  glob,  ina 

656]    1773,  P.  28  [Art  515], 

M    cont  1  ina  eL  more  than  D  +  E  +  F. 

P.  29  [Art.  515], 

M    cont  same  as  


P.  54  [Art  528], 

K&L^^*"?^}         more  than  D  +  E  +  F.  N.  16^. 

1773,  P.  57  [Art  530], 

K&L^*^*"!  more  than  D  +  E  +  F.  N.  14J. 

P.  57  [Art  530], 

M     cont  3i  xt      Tx     -n     T^  *,  ,>. 

^  ^  L  2I  ^^^  *^^  D  +  E  +  F.  N.  16. 

Tx  •  4.1.  4.       M       <^ont  2-7  .,       Tx     T»     ^    . ,        80-7 

It  IS  supp.  that  g^  ^  L    _     1-5  ^^^  ^^  I^  +  ^  +  F,  w?  e*f,  ^^^ 

glob  ina  el. 

657]     1773,  P.  55  [Art  529], 

B  or  C  ^^**  32     ^^'  ^^'  ^^^  *^""^  K  +  L  +  M.  N.  15. 

P.  57  [Art.  530], 

each  cont  33  7  less  than  do.  N.  14i. 

P.  58  [Art.  531], 

each  cont  38-6  less.  N.  16. 

It  is  supp.  that  A,  B,  and  C  each  cont  348  ina  leas  than  K  +  L  +  M, 
id  e$t,  291  less  than  9D,  id  «^,  217-8  glob,  ina 
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658]     By  exper.  of  1772, 

F  or  G      cont.    2       inc.  more  than  D. 
E       —      1-6     — 
M     cont.    3-86  less  than  E  +  F  +  G. 
K  <fe  L  12-02  les& 

F  10-72  less. 

Therefore  E  +  F  +  G  cont  56  more  than  3D. 

M  1  -7  more. 

K  or  L  6*4  less. 

F  5*1  les& 

A,  B  &  0  each  contain    15*2    less  than  F  +  K  +  L. 
or  33*1    less  than  9D. 

1773,  P.  66  [Art  530], 

H    cont  10*      inc.  more  than  A  +  B  +  C. 

1772,  P.  29  [Art  493], 

H    cont  the  same  as  A  +  B  +  C. 

H  is  supposed  to  contain  654  glob,  ina* 

659]     Instantaneous  spreading  qfelA      Measures  P.  19  [Art  693]. 

A     =33*9  20*6 

The  area  of  the  old  coatings  of    C     =  33*2  and  cironmf.  =    20*4 


H    =36*3 


Area  of  slit  coatings  of 


A 

C 


=  31*8 
=  30*4 


Area  of  oblong  coatings  of 


H    =33*3 
crown  =  24*7 

A     =34*1 

C     =33*3 

H    =36*4 

crown  =  29*0 


and  circumf 


&  circum£ 


21*4 

73*6 
76*5 
80*1 
69*6 

23*4 
23*2 
241 
21*6 


660]     P.  16,  1773,  504, 
White  CyL  cont  7 


inc.  el.  less  than  H. 


less  than  H. 


P.  13.  502,  5 

By  mean  it  cont  6 

P.  62  [Art  636], 
H     with  slit  coat  cont  77*6  more  than  white  cyL 


crown  with  oblong  coat      33*7 

P.  63  [Art  636], 
H  with  I>*  cont  99*1  more  than  wh.  oyL 


crown 


43*8 
[See  Art.  818.] 


t  [See  Art.  till.] 
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P.  66  [Art  537], 

H  with  D^ 
crown  with  slits 

P.  66  [Art  537], 
crown  D®  cont 

P.  71  [Art  541], 

H  D°  cont 
crown 

P.  81  [AFt.  550], 

H  with  obL  cont 

H 
crown 

H 
crown 


70*8  more  than  wh.  qyL 
34 


20     more  than  wh.  cyL 


74*1  more  than  wh.  cyL 
67-3 


20*2  more  than  wh.  cyL,  st  el.  ♦at  2  +  3  ' 

34  3  +  1 

57-3 

9       less  than  wh.  cyl.  1+3 

14*6  more  than 


N.  14 


N.  121. 


N.  21. 


N.  15. 


P.  82  [Art  650], 


H 


18*6  more  than  wL  cyl. 


N.  Ui. 


A  and  C  with  circ  coatings  are  supposed  to  contain  same  as  R 


P.  62  [Art  536], 

A  .  13*6 

p  with  slit  coat  cont   ^  o.,^    more  than  B 

A 

C 

A 
C 


15-2) 
11-8/ 

33-7 
33-7 


us.  el.t 

1+3 

3  +  l.^^'7 
irreg. 


N.  121 


P.  63  [Art  636], 

A 

C 

A 
C 

A 

C 


18-51 
16 

13-5] 
10- 

18-51 

18 


-5) 
•2| 

11/ 
-5) 

r5j 


US.  eL 


1  +  3 


N.  11. 


3  +  1  very  irreg. 


with  obi. 


P.  65  [Art  537], 

A 
C 

A 

C 

A 
C 


3 
5 


:t} 


more  than  B 


5  1 
1-7 
0 
1-7 


less  than  B 


us.  el. 
1+3 
3  +  1 


►    N.  14. 


•  [Straw  electrometer.     See  Art.  560,  note.] 
+  [Usual  degree  of  electrification.    See  Art.  829  and  note  10.] 


iS\  SPREADING   OF   ELECTRICITY- 

P.  GG  [Art  537], 


661]    Byniean  H  witliBlits        coat    78mc.  d.| 
witlioUoug  19  I  ^ 

Crown  witb  slits  contains  27  inc.  el.  ir 
oblong  3y     


N.  ISJ. 


N.B.     This  is  tueaot  in  dry  weather  &  with  ubu&I  (leg.  eL 

The  crown  with  slits  exceejed  wh.  cyl.  by  42-7  more  with  eleotram. 
3  +  1  than  at  1  +  3,  nnd  H  with  oblong  exceeded  wh.  cyl.  by  43  more 
ith  electron!,  at  3  +  1  thim  at  1  +  3,  but  it  must  be  obaerved  that  thia 

LS  only  one  day's  observ. 


With  usuiil  deg.  el,    ,  exceeded  B  by       „ 

ith  clectrnm.  at  1  +  3  by  j|'^ 

1     1  .  261 

at  3  4 1  by  2^-1 

J-,  with  oblong  exceeded  B  with  us,  el.  by  .  . 
with  electrom.  at  1  +  3  ''J  i  -7 

and  at  3  +  1  ^^  _  i  7 

662]     Hence  we  have  the  following  results ; — 


1 

L.  inc  et.  In 

Ina  el.  in 

Sq.  inc. 

coat 

SXi 

Kf 

DIS. 

ElMM 

■litini. 

.IBTD 

obloon- 

\',"3S: 

&n..el. 

9'S59 

12-6 

127 

S0^68 

34-1 

3-57 

GO-1 

-073 

t-   Bt  1+S 

93 

30-87 

3-23 

-066 

U   •ta-ht 

2fi-l 

a -68 

2917 

4-93 

■098 

!«*.[».  el. 

O'OGO 

9-3 

■91 

29-49 

88-3 

3'Hl 

63-8 

■071 

L   »tl  +  8 

9-a 

■93 

39  48 

3-8a 

■073 

8  +  1 

87-8 

a^75 

37-66 

5^65 

■106 

■Hh  na.  el. 

4  437 

G9 

2-ia 

31-18 

3S-4 

B-22 

66-0 

■094 

fuio. 

»-&«i 

-IS 

-■83 

25-03 

29-0 

3-il7 

4S-0 

■<«*( 
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[663 


663] 


IncoL 

in  oblong 

coating 

-D«in 

circular. 

Sq.  inc.  of 

coating 

equtv. 

toD*. 

Sq.  inc.  of 

circular 

coating 

eauiv.  to 

oblong. 

Sq.  inc. 
in  oblong. 

Diff. 

Ezoen 

circumf. 
oblong 
above 

eirotJar. 

Rq.  inc.  eqiiiv.  to 

exomt  of  apivading 

ofelfHSi  in  oblong 

above  thait  in  dreokr. 

8-4 
61 
1-3 

•84 
•51 
•46 

34-24 
38-71 
8676 

841 
88-8 
86-4 

•14 
•41 
•86 

2-8 
2-8 
2-7 

-20 
•20 
•25 

A 
C 
H 

It  is  plain  that  the  numbers  in  the  8^**  or  last  ooL  ought  to  be  equal 
to  those  ID  the  6^,  as  is  nearly  the  cane. 

664]     Whether  charge  of  coated  glass  bears  the  same  proportion  to 
that  o/ another  body  whether  d,  is  strong  or  weak  *. 

P.  61  [Art  535],  E  on  neg.  side  tried  agaiust  sliding  tin  plates  on 
pos. 

Charge  of  E  was  ^  part  less  with  straw  el.  at  3  +  1  than  at  1  +  3, 
the  diff.  between  neg.  and  pos.  el.  was  much  too  small  to  be  certain  of. 

P.  66  [Art  538],  a  ball  blown  at  end  of  therm,  tube  tried  in  same 
manner.     Charge  just  the  same  whether  electrom.  at  1  +  3  or  3  +  1. 

P.  68  [Art  538],  charge  D*  ^  less  with  eL  at  3+  1  than  at  1  +3. 


T>o     1 


P.  82  &  84  [Arts.  551  d^  55],  tried  with  machine  for  finding  quant 
el.  in  common  plates.  No  perceptible  diS.  between  charge  of  £  whether 
tried  with  el.  at  1  +  3  or  3  +  1. 

.  6G6]  By  P.  9  [Art  661],  it  should  seem  that  el.  spread.  "034  inc. 
more  on  surface  with  greater  degree  of  eL  than  with  smaller,  and  there- 
fore as  the  diam.  coating  of  £  or  D  is  2*16. 

So  that  it  should  seem  as  if  the  charge  of  a  coated  plate  in  which 
the  spreading  of  the  el.  was  prevented  would  be  at  least  ^  less  with 
the  stronger  degree  el.  than  with  the  weaker. 

666]  By  exper.  of  P.  69  [Art  539],  it  appeared  that  the  charge  of 
tin  cyL  was  to  that  of  D  +  E  when  electrified  very  weakly  as  1  '28  to  1, 
and  by  P.  70  [Art  639]  as  1  24  to  1.     By  mean  as  1*26  to  It. 

By  mean  of  P.  76  [Art  545],  the  charge  of  the  samecyL  was  to  that 
of  D  +  £  when  electrified  in  the  usual  degree  as  1  '33  to  1. 

By  mean  of  P.  77  [Art  546],  it  came  out  as  1*37  to  1,  but  this  last 
can  not  be  depended  on,  as  wire  for  making  communication  with  grouud 
was  forgot  to  be  fixed  J. 

*  TArts.  856,  451,  468,  585,  589,  551.]  t  [See  Arts.  858,  539,  545.] 

X  The  comp.  charge  of  the  cyL  is  48*4  glob.  inc.  The  real  charge,  sapposing 
that  the  wire  contains  8*6  glob.  inc.  less  when  joined  to  oyl.  than  to  D  +  E^TS-^, 
and  therefore  its  real  charge  exceeds  the  oompnted  in  the  ratio  of  1*52  to  1.  [Stt 
Note  25.] 
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667]  It  should  seem  that  the  charge  of  D  and  E  is  increased  |^  by 
spreading  of  eL  when  elect,  in  \isual  degree,  therefore  if  we  suppose 
that  the  spreading  is  insensible  when  electrified  in  very  small  degree, 
the  charge  of  a  glass  plate  is  less  in  proportion  to  that  of  anbther 
body  when  electrified  with  usual  degree  el.  than  when  elect  with  a 
very  small  one  in  ratio  of  1*26  to  1*51,  or  of  5  to  6. 


668]     On  plate  air*, 

[By  Art  517], 

P.  32  pL  air  1  cont  1  inc.  eL  more  than  D 
33  4 


>  by  mean  |^  more  than  D. 


The  same  plate  air  contained  2  inc.  eL  less  when  resting  intirely  on 
machine  than  when  resting  by  1  comer. 

[By  Art  517],  PL  air  2  cont    1     inc.  eL  less  than  D  +  B. 

P.  32,  pi.  air  3  105  ina  eL  less  than  D -^. E  +  F. 

P.  33,  pi.  air  4  1     inc.  eL  less  than  D  +  E  +  F. 

P.  36,  pL  air  5  \    more  than  D. 

P.  37,      Do. 

By  res.  P.  5  [Art  653],  D,  E,  and  F  cont  26-3  glob.  inc. 

Therefore  pi.  air  1  contains  27     glob.  inc. 

2  52 

3  721 

4  78-3 

5  26-5 

669]     [Table  of  plates  of  air  given  in  Art  343.] 
670] 


1 
2 
3 
4 
5 


M017 
1-4375 
1-6013 
1-6625 
1-3895 


•7919 

7452 

6928 

6332 

•9426 

8689 

7799 

6679 

roi63 

9235 

8054 

6427 

•9747 

8566 

6939 

4307 

-9458 

8809 

8045 

7117 

The  4  last  colunms  are  the  locf.  of  -tt—. — - —  x  excess -— ^ — r^ 

°        ttiickness  computed  charge 

above  N,  the  value  of  N  in  3"»  col.  being  1,  in  2"'*  1-05,  in  3"»  M,  and 

in4«*»115. 

The  numbers  in  the  3*^  column  seem  most  uniform,  and  therefore  it 

seems  likely  that  [if]  the  -r-r-. — '—  was  very  irreat ,  would 

•^  *•  ■•         thickness  "^  °  comp.  charge 

equal  Tit. 


*  [See  Art.  840.] 


t  [See  Art.  847.] 


M. 


^'^ 
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671]    If  we  suppose  the  eL  to  spread  -07  inc.  on  mat  thick  plates 
and  *09  on  sorC  thin  ones,  the  result  of  Naime's  plates  is  as  follows*. 


B«al 

BmI 

Diam. 

corrected. 

Thick- 
ness. 

Computed 
chiurge. 

Beal 

charge. 

eharga 

byeom- 

pnted. 

ehaiga 

D 

2155 

2-295 

•2057 

3-20 

26  3 

8-22 

^ 

E 

216 

2-3 

•2065 

3-20 

26-3 

8-22 

-  Hi 

F 

2175 

2-315 

•2115 

3-17 

26-3 

830 

K 

2-265 

2-445 

•07712 

9-69 

79-9 

8-29     1 

L 

2-335 

2-515 

•08205 

9-63 

79-9 

8-29 

M 

2-195 

2-375 

•07187 

9-81 

80-7 

823 

32-< 

A 

6-67 

.6-71 

•2112 

266 

217-8 

818 

B 

6-6 

6-74 

•2132 

26-6 

217-8 

818 

C 

6-5 

6-64 

•2065 

26-7 

217^8 

8-16 

a 

H 

6-8 

6-98 

•07556 

80-6 

654 

811 

93-7 

672]     ComptUatiana  of  other  flcU  plates  of  glass,  £c. 


[Art.  507] 
[Art.  608] 


Art.  509] 
Art.  515' 
'Art.  509' 
Art.  615" 
'Art.  509" 
'Art.  515" 
'Art.  509" 
'Art.  515' 
'Art.  609' 
'Art.  515" 
'Art  510" 
"Art.  533" 
'Art.  510 
Art  533' 
'Art  527' 
Art  628 
^Art  631 
'Art.  627 
'Art.  628 
'Art.  631 
'Art  633 


P.  18 
P.  19 
P. 

P.  19 
P.  20 
P.  28 
P.  20 
P.  28 
P.  20 
P.  28 
P.  20 
P.  28 
P.  20 
P.  28 
P.  21 
P.  69 
P.  21 
P.  69 
P.  63 
P.  64 
P.  67 
P.  63 
P.  64 
P.  67 
P.  59 


thick  white 

thin  white 
N 
P 

Q 
o 

white  plate 

oldG 

crown  A 

crown  C 


D^ 
=  D  + 
=  D  + 
=.M- 
=  D  + 
=  M- 
=  D  + 
=  M- 

=  M- 
=  D  + 
=  M- 
=  D-h 
=  A- 

=  A- 


E--5 
E-.1-8 
15 

E  +  F- 
9 

E  +  F- 
9 

E  +  F- 
7-7 

E  +  F- 
7-3 

E  +  F- 
13 
6-7 
13 
15 


•33 

1-2 

9-7 

9-5 

61 

5-7 

11 

•7 

5-7 

5-8 

3-8 

5 

7-7 

5 

4-8 

5-8 

3-8 

small  ground  crown  =  D  +  E  +  F— 4A 


large  ground  crown  =  C- 


8-5 
4-4 
8-5 
9-8 

2-4 


2-7 


26-3 
62  3 
61-9. 
71 

72-8 
74-8 
78-2 
74-8 
75-1 
75-7 
73-9 
75-9 
751 

211-3 
208-7 

76-5 


Um 
flhaif 


l7H 
j  76-5 
^.5 


215  1 


*  [In  Art.  824  the  <* Beal  charges**  of  this  table  are  multiplied  by  -122  for  9UJ 
comparison  with  the  computed  charges.] 


675] 


COATED  PLATES  AMD  CTUNDEBS. 


355 


[Art  507; 

P.  18 

Art  519" 

P.  36 

"Art.  609' 

P.  20 

'Art  515' 

P.  28 

"Art  518" 

P.  35 

'Art  519" 

P.  36 

^Art  527' 

P.  53 

'Art.  528' 

P.  54 

'Art  518' 

P.  35 

[Art  5191 

P.  36 

Art  518" 

P.  35 

Art.  519" 

P.  36 

Art  518" 

P.  35 

[Art  527 

Art  528 

Art  533 

^Art  527" 

[Art  528* 

Art  533 

'Art  518 

^Art  519 


P.  53 
P.  54 
P.  59 
P.  53 
P.  54 
P.  59 
P.  35 
P.  36 


exper.  rosin  1 
rosin  2 


doub.  B  - 1 
E-2 
-1-7 
ro8in  3      =M-17 

-D  +  E  +  F-16 
rosin  4      =D  +  E  +  F 

=  D^ 
rosin  5      =  doub.  B  —  1 

-1 
l^maderos.       =D  +  21 

01 


1} 


depL  bees  wax  1    =  D  —  2^ 

-3 
deph.  beee wax  2   =E+F-4 


depLbeeswaxS   =E  +  P-7-5 


-2  •5/ 
-7-5) 
-11^ 
-11) 


plain  bees  wax       s»E  +  F-3'5 


lac 


-3-5) 
-2-5) 


D  +  E  +  F+1-5 
+  2-2 


•06 

M 
IM 
10-4 


•65 


V 


6 
7 


3-7 


} 

I  78-i 


13-5 

25-2 
69 


13 


1-8 
21 

6-5 

1-3 
11 


Mean 
charge. 


26-9 
24-5 
60-5 

461 

61-3 
80 


673]    [Table  given  in  Art  370.] 

The  diam.  was  corrected  on  supposition  that  elect  spreads  ^07  if  the 
thickness  of  glass  =  -21,  and  -09  if  thioVn^M?  =  '08,  and  so  in  proportion 
in  other  thickuesses. 


674]    [Table  given  in  Art  371.] 

The  correction  of  the  diameter  is  the  same  as  would  be  used  according 
to  the  preceding  rule  to  a  glass  plate  of  2^  the  thickness,  only  the  cor- 
rection used  is  never  less  than  -^  inch. 


675]     On  the  glass  cylinders. 


503,  P.  14, 

504,  P.  15, 

503,  P.  14, 

504,  15, 
604,  P.  16, 
502,  P.  13, 


gr.  cyL  2. 

white  jar 

gr.  cyL  1 
gr.  cyl.  4 


545,  P.  75,  therm,  tube  1 

546,  P.  77,  theim  tube  2 


H  -4-  45  inc.  eL 
H  +  55-6 
H+74=H+M-34 

H+M 
H+M+30 
C+K+Jx 
D  +  E  +  F  +  '2inc.  eL 
D  +  E+F  +  2-8 


inc.  eL 
H  +  D+14-3 


=  690  glob.  inc. 


:-34\ 
-20/ 


28 


H+M-27  =717 

=  764 
=  353 
=  80-2 
=  80-7 


^^— *L 


356  EESULT  OF  EXPERIMENTS.  [676 

676]     [Table  given  in  Art  383.] 

The  white  jar  and  cyL  and  the  3  green  cyL  are  oorrectod  for  tbe 
spreading  of  the  electricity  in  the  same  manner  as  the  flat  plates,  bat 
die  2  theruL  tubes  are  not. 

677]     On  tJis  compound  plates*. 

P.  60,  Ai-f..  534. 

The  3  plates  A,  B  and  C  placed  over  each  other  with  bits  of  lead 
between  contained  8*9  inc.  el.  less  than  K  or  L,  therefore  its  chaige 
=  74  inc.     The  3"*  part  of  the  charge  of  A,  B,  or  C  is  72'6  inc. 

The  coatings  taken  from  the  3  plates  A,  B,  &  C,  the  plates  placed 
close  together  and  the  outside  surfaces  coated  with  circles  6*6  in  diam. 

544,  P.  75,  it  contained  7*5  inc.  less  than  D  +  E  +  F. 
546,  P.  77,  6  less. 

Bj  mean  it  contains   6*7  less,  therefore  charge  =  74*5. 

The  thickness  of  the  3  plates  together  is  *6309.  The  computed 
charge  of  a  plate  of  that  thickness  with  a  coating  6*6  in  diam.  supposing 
the  el.  to  spread  '07  inc.  is  9*00,  and  the  real  charge  of  such  a  plate 
according  to  the  mean  ratio  of  the  real  and  computed  chai^ges  of  D,  £, 
and  F  is  74*2. 

678]  A  plate  of  exper.  rosin  about  8  ina  square  was  pressed  oot, 
thickness  irregular,  but  at  a  medium  about  '122.  It  was  coated  with 
circles  6*61  in  diam.f 

Art.  548,  P.  79,  its  charge  =  K  +  D  +  E  x  1  -i-|^Vi 

in  afteruoon  x  1  +  ^~. 

By  mean  it  =  KfD  +  Exl+^  =  135. 

The  real  charge  of  this  plate  is  to  its  computed,  8up;>osing  the  el. 
to  spread  '07  inc.,  as  2 -89  to  1. 

Tlie  charge  of  this  plate  is  the  same  as  that  of  a  glass  one  *345  thick, 
supposing  ratio  of  real  and  computed  charge  the  same  as  iu  A  or  B. 

679]  The  coatings  being  taken  from  this  plate  it  was  included 
between  the  plates  B  and  H,  and  the  outside  surfaces  coated  with  circles 
of  6*6  in  diam. 

552,  P.  83,  it  cent.  6  9  inc.  el.  less  than  K, 

6-5  

5-2  less  than  D-hE  +  F, 

by  mean  it  contains  75-5  glob.  inc. 

The  charge  of  plate  glass  of  the  same  sort  as  Nairne*s  '634  thick 
{id  est,  equal  to  the  sum  of  the  thicknesses  of  the  two  glass  plates  and 
a  glass  plate  equiv.  to  the  rosin)  =  73*3,  supposing  the  el.  to  spread  the 
same  on  this  plate  as  on  the  rosin. 

♦  [Arts.  379,  634.]  t  [Arts.  381,  662.] 


682] 


SraPLE  CONDUCTORS. 


857 


680]    [Same  as  Art  368.] 

681]     By  res.  P.  5  [Art.  654]  a  globe  of  12  inc.  contains  as  much 
eL  as  a  circle  of  18*5*,  therefore  by  Prop.  xxix.  ^  =  ^,  therefore 

Charge  of  both  platea 

when  distant 
18  26  36      Sing.  pi. 

0 
inf[inito] 

0 
inf 


By  1*  exp.  1772  [Art  473]  the  proportions  were 


1 

1046 

1-078 

M72 

1 

1062 

M08 

1-249 

1 

1-035 

1-059 

1126 

•853 

•892 

•920 

1 

•801 

•851 

•887 

1 

•888 

•919 

•940 

1 

thus 
By  2~"  exp.  [Art  475] 


-811 
•798 


•859 
-840 


•899 
•894 


It 
1 


682]     The  charges  of  the  following  bodies  are  supposed  to  bear  the 
following  proportions  to  each  otherj:. 

globe  12-1  diam.  =  1 

circle  18 -5  diam.  =    -992 

square  of  15-5  •958 

oblong  17-9    X    13*4  -964 

cyL  35-9  by     253  1-028 

54-2  -73  -978 

72  -185  -966 

p,  (8h[ort]  cyL  (-887      1  -469 

L^narge      Jiong  cyL  is  between -{•896  &  1*573  that  of  globe  being  one, 
by  theoiy  ot  1^^^  (•894      1-619 

and  if  charge   cyl.    is  supposed  to  be  to  that  of  globe  whose   diam. 

o  i^„_xi,  -998 

=  length  cyL  : :  |  :  N.  L.      '.    ^   ,  their  charge  =  1-008 . 

1-006 


diam. 


This  ratio  approaches  about  5  times  nearer  to  the  first  proportion 
than  the  2"^J.  '' 

The  area  of  the  oblong  is  the  same  as  that  of  the  square,  and  their 
charges  are  very  nearly  the  same. 

The  charge  of  a  square  is  to  that  of  a  clvcIq  whose  diam.  =  side  square 
as  1-153  to  1||. 

•  [Note  86.]  t  [Note  21.] 

:;:  [Exp.  vii.,  Art.  281.    The  numbers  here  are  different.    See  Art.  478.] 
§  [Note  12.1 

II  [This  ratio  is  given  in  Art.  283  as  1-53  by  a  nuBtake  of  the  Editor  in  copyings 
see  Note  22.] 


858  RESVIT  or  SZFIBDODRaL  [6 


683]  Iq  exper.  P.  11,  1773  [Art  4n;t  ^e  Inge  wire  abcmld  o 
tain  aboat  -^^  leas  eL  than  if  iti  diam.  waa  doable  tlie  amall  on 
Allowing  for  this,  the  chargea  of  the  large  wire  at  36^  M  i^  18  inc.  di 
should  be  between  the  two  following  proportioos: 

1  -942  -915  -891, 

1  -901  -868  -844, 


bat  I  believe  ought  to  approach  about  5  times  nearer  to  the  form 
The  observed  proporti(Kis  are* 

1-903-860  ^50. 

*  [Note  13.] 


KESULTS 
[OF  EXPERIMENTS  ON  RESISTANCE  OF 

SOLUTIONS} 


684]     Resistance  of  Pump-water  is 

Salt  in  1000  of  rain  water      9  V  times  less  than 
Sea  water  100 

that  of  rain  water*. 


9  Vtii 

10  ) 


685]  A  shock  is  diminished  very  nearly  the  same,  but  if  anjrthing 
rather  more,  by  passing  through  9  tubes,  37  inches  of  which  hold  3373 
grains  of  $  ,  than  through  one  tube^  37  inches  of  which  hold  3480  grains 

of  $t. 

686]  A  shock  is  as  much  diminished  in  passing  through  6*8  inches 
of  a  tube,  37  inches  of  which  hold  567  grains,  as  through  44^  of  one 
37  inches  of  which  hold  3480.  So  that  resistance  should  seem  as  1*03 
power  of  velocity  {. 

687]    If  resistance  is  as  -j ,  ^j>  power  of  velocity,  the  resistance  of 

iron  wire  is  ]q()7qqq  times  less  than  that  of  saturated  solution  of 

sea  salt||. 

688]  Resistance  of  sat  sol.  S.  S  in  99  of  distilled  water  is  39  times 
greater  than  that  of  the  sat.  soL 

Resistance  of  distilled  water  is  18  times  greater  than  that  of  sat.  soL 
in  99  of  distilled  water§. 

689ir]     FxperiTTients  in  1776  and  1777. 

No.  of  Conducts  times  Tubes      Electro- 

Exp.  better  than  *      meter. 

1  Sat.  soL  8-6  salt  in  69         14  <fe  15     4 

2  8-94  22  &  23     IJ 

3  961  14  &  15     3     New  solutions. 

» * " '  zs^. 

7  10-31  5  ife  17 

10  9  02  22  &  23     1 

9  7-79  salt  in  29  diluted   22  <fe  23     1 

with  1^  of  water 

Bupp.  2J* 

*  [Arts.  898,  524.]  t  [Arts.  674,  675,  Ao.]  t  [Arts.  576,  629.] 

II  [Arts.  898,  576,  and  note  82.]  8  [Art.  577.] 

%  [Arts.  617—628.] 


360  RESULT  OF  EXPERIMENTS.  [690 

No.  of  Condncts  times  TniwM      Eleetro- 

Exp.  better  than  -^^^^ 

8     sat.  8oL          3-51         salt  in  29        22  <fe  23 
15      4-38  22  k  23 

11  sat  sol.         20-5  salt  in  149        14  k  15 

12      19-6  22  k  23 

4  salt  in  69       9*57        salt  in  999        22  k  23 

5  salt  in  999     9  92      salt  in  20,000     12  &  20 

13  salt  in  149  17*3         salt  in  2999         5  <!c  17 

14         16-7  18  k  19 

N.  B.  It  is  not  said  what  water  the  solutions  were  made  with.  Bj 
the  comparison  of  salt  in  999  with  salt  in  20,000,  it  should  seem  either 
that  they  were  not  made  with  distilled  water,  or  that  some  mistake  was 
made  in  the  experiment. 

690]  In  Jan.  1777,  salt  in  2999  conducted  about  70  or  90  times 
better  than  some  water  distilled  in  the  preceding  stunmer,  or  about  25 
or  50  times  better  than  the  distilled  water  used  in  the  year  1776  *. 

Salt  in  2999  conducted  about  25  times  better  than  salt  in  150,000. 

691]     Salt  in  69  conducts  1*97  times  better  in  heat  of  105*  than  in 

thatof  58*Jf. 

The  proportion  of  the  resistance  of  sat  sol.  and  salt  in  999  to  eadi 
other  seems  not  much  altered  by  varying  heat  from  50*  to  95®  J. 

692]  Salt  in  150,000  seemed  to  conduct  rather  better  than  the 
same  water  deprived  of  air  by  boiling  in  the  same  vial  in  which  it  was 
kept,  and  cooled  quick  in  water  to  prevent  its  absorbing  much  air. 
But  the  difference  was  not  more  than  might  arise  fi-om  error  of 
experiment  §. 

693]  Distilled  water  impregnated  with  fixed  air  from  oil  of  vitriol 
and  marble  conducted  2\  times  better  than  the  same  water  deprived  of 
its  air  by  boiling ||. 

C94]  Conducting  power  of  other  saline  solutions  compared  with 
that  of  siilt  in  29  of  waterlF. 


Sal.  Sylvii 

108 

Sal.  amm. 

113 

Calc.  S.  S. 

•852 

Glaub.  salt 

•696 

Quadran.  Nitre 

•887 

F.  alk. 

•819 

Spt  salt 

1-72 

Oil  vitr. 

•783 

D°  another  parcel 

112 

*  \\xi.  621.] 

+  [Art.  610.1 

X  [Art.  620.] 

§  [See  Art.  621.] 

li  [Art.  625.] 

H  [Art.  626  anc(  Nolo  U,] 

696] 


RESISTANCE  OF  SOLUHONS. 


861 


N.  B.     The  solutions  of  the  neutral  salts  were  all  of  such  strength 
that  the  acid  in  them  was  equiv.  to  that  in  salt  in  29. 

The  f  alk.  also  was  equiv.  to  that  in  salt  in  29,  but  the  acids  were 
equiv.  to  that  in  salt  in  59. 


695]     Experiments  in  Jai%,y  1781*. 


Sat  Sol 


Sat  SoL 


Sat  Sol. 


Salt  in  69 


Salt  in  69 


Salt  in  999 


o 


8-63 

9  03 

41 

3-85 

3-95 

1-92 

1-88 

1-92 

1-74 

1-84 

9-91 

10-3 

11-31 

10-75 

20 

19-5 

19 

19-8 


00 

cr 

P 


salt  in  69 


salt  in  29 


salt  in  11 


salt  in  142 


salt  in  999 


salt  in  20,000 


Tubes. 
14  &  15 


22  &  23 


5  &  17 
12  <fe  20 


Electro- 
meter. 


Salt  in  20,000  conducts  about  7  times  better  than  distilled  water, 

6961     Therefore  the  resistance  of  water  with  different  quantities  of 
salt  in  [it]  are  as  follows  t  * 


Quantity 
salt. 

1  by  3-78 

12 

30 

70 

143 

1000 

20000 


Besistance. 

Log.  do. 

1 

1-91 

•2810 

3-97 

•5988 

8-8 

•9445 

15-75 

1-1973 

93  02 

1-9686 

1823 

3-2608 

Beaist. 
X  quant,  salt. 

•602 
•500 
•475 
•416 
•352 
•345 


Log.  do. 

9^7793 
9-6992 
9-6769 
9-6195 
9-5461 
9-5373 


•  [Art.  628.] 


t  [Bee  Note  83.] 


NOTES 

BY    THE    EDITOB. 


Note  1^  Arts.  5  and  67. 
On  the  theory  of  the  Elecinc  Fluid. 

The  theory  of  One  Electric  Fluid  is  here  stated  very  oo«n}iletelj  hf 
CaTendinh'*''.  The  fluid,  as  imagined  by  him,  is  not  a  purely  hypothetiotl 
substance,  which  has  no  properties  except  those  which  are  attributed  to 
it  for  the  purpose  of  explaining  phenomena.  He  calls  it  an  elastie 
fluid,  and  supposes  that  its  particles  and  those  of  other  matter  haTe 
certain  properties  of  mutual  repulsion  or  of  attraction^  just  as  lie  safe 
poses  that  the  particles  of  air  are  indued  with  a  proper^  of  mntuil 
repulsion,  but  according  to  a  difierent  law.  See  Art.  97  and  Koto  €. 
But  in  addition  to  these  properties,  which  are  all  that  are  neeeswiy 
for  the  theory,  he  supposes  that  the  electric  fluid  possesses  the  genend 
properties  of  other  kinds  of  matter.  In  Art.  5  he  speaks  of  the  weifbt 
of  the  electric  fluid,  and  of  one  grain  of  electric  fluid,  which  ua^a 
that  a  certain  quantity  of  the  electric  fluid  would  be  dynamically  equiva- 
lent to  one  grain,  that  is  to  say,  in  the  language  of  Boscovich  and  modem 
writers,  it  would  be  equal  in  nuiss  to  one  grain. 

We  must  not  suppose  that  the  word  weight  is  here  used  in  the  modem 
sense  of  the  force  with  which  a  body  is  attracted  by  the  earth,  for  in  the 
case  of  the  electric  fluid  this  force  dei)end8  entirely  on  the  electrical  con- 
dition of  the  earth,  and  would  act  upward  if  the  earth  were  overchu^ 
and  downward  if  the  earth  were  undercharged. 

Cavendish  also  supposes  that  there  is  a  limit  to  the  quantity  of  the 
electric  fluid  which  can  be  collected  in  a  given  space.  He  8{)caks  (Art 
20)  of  the  electric  fluid  being  pressed  close  together  so  that  its  partidei 
shall  to\ich  each  other.  This  implies  that  when  the  centres  of  the 
])articles  approach  to  within  a  certain  distance,  the  repulsion,  which  ap 
to  that  ])oint  varied  as  the  7t^  power  of  the  distance,  now  varies  much 
more  rapidly,  so  that  for  an  exceedingly  small  diminution  of  distance 
the  mutual  repulsion  increases  to  such  a  degree  that  no  force  which  wo 
can  bring  to  bear  on  the  particles  is  able  to  overcome  it. 

We  may  consider  tliis  departure  from  the  simplicity  of  tlie  law  of 

*  For  an  earlier  form  of  Cavendish's  theory  of  electricity,  see  **ThoasM*  ^^ 
oeming  oleoiridty  "  (Arts.  195— 21C),  and  Note  18. 
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force  as  introduced  in  order  to  extend  tlie  property  of  "impenetra-Mlity" 
to  the  particles  of  the  electric  fluid.  It  leads  to  the  conolusiou  that 
there  is  a  certain  maximum  density  beyond  which  the  fluid  cannot  be 
•kcciiiuulnted,  and  that  tlierefore  the  stratum  of  the  electric  fluid  collected 
Ht  the  surtkce  of  electrified  bodies  has  a  finite  thickness. 

No  experimental  evidence,  howev-er,  has  as  yet  b«en  obtained  of  any 
limit  to  the  quantity  of  electricity  which  can  be  coUected  within  a  given 
volume,  or  any  measure  of  the  thickness  of  the  electric  stratum  on  the 
sui'face  of  ooudiictoi'B,  so  that  if  we  wish  to  maintain  the  doctrine  of  a 
maximum  density,  we  roust  suppose  this  density  to  be  exceedingly  great 
compared  vith  the  density  of  the  electric  fluid  in  saturated  bodies. 

A  difficulty  of  far  greater  magnitude  siTses  in  the  case  of  under- 
charged bodies.  It  is  a  consequence  of  the  theory  that  there  is  a  stratum 
near  the  surface  of  an  undercharged  body  which  in  entirely  deprived  of 
electricity,  the  rest  of  tlie  body  being  saturated.  Hence  the  electric 
phenomena  of  an  undercharged  body  depend  entirely  upon  the  matter 
fomiing  this  stratum.  Now,  though  on  account  of  our  ignorance  of  the 
electric  fluid  we  are  at  liberty  to  suppose  a  very  large  quantity  of  it  to 
be  collected  within  a  small  space,  we  cannot  make  any  such  supposition 
with  respect  to  ordinary  matter,  the  density  of  which  is  known. 

In  the  first  place,  it  is  manifestly  Impossible  to  deprive  any  body  of 
a  greater  quantity  of  the  electric  fluid  than  it  contains.  It  is  found, 
indeed,  that  there  is  a.  limit  to  the  negative  charge  which  can  be  given 
to  a  body,  but  this  limit  depends  not  on  the  qnantity  of  matter  in  the 
body  but  on  the  area  of  its  surface,  and  on  the  dielectric  medium  which 
surrounds  it.  Thus  it  appeal's  fi-om  the  cx{)erimenta  of  Sir  W.  Thomson 
and  those  of  Mr  Macfarlane,  that  in  air  at  the  ordinary  pressui-e  and 
temperatiu'e  a  charge  of  more  than  5  units  of  electricity,  either  positive 
or  negative,  can  esist  on  the  sur&ce  of  an  electrified  body  without  pro- 
ducing a  discharge.  In  other  media  the  maximum  charge  is  different. 
In  parslGn  oil,  and  in  turpentine,  for  instance,  it  is  much  greater  than 
in  air*.  In  air  of  a  few  millimetres  pressure  it  b  much  less,  but  in  the 
most  perfect  vacnum  hitherto  made,  the  charge  which  may  be  accumu- 
lated before  discharge  occurs  is  probably  very  great  indeed. 

Now  this  charge,  or  undercharge,  whatever  be  its  magnitude,  can  be 
flocnmnlated  on  the  surface  of  the  thinnest  gold  leaf  as  well  as  on  the 
most  massive  oonductors.  Suppose  tiiat  there  is  a  deficiency  of  five 
unila  of  electricity  for  each  squai-e  centimetre  of  the  surface  on  both 

I  mdes  of  a  sheet  of  gold  leaf  whoi^e  thickness  is  the  hundred  thousandth 
t  of  a  centimetre.     We  have  no  reason  to  believe  the  gold  leaf  to  be 

KaatirBly  derived  of  electricity,  but  even  if  it  were,  we  must  admit  that 
r  cubic  ceutimetre  of  gold  requires  more  than  a  "liHifii  uuits  of 

t  olectncity  to  saturate  it. 

'  ByMeisrsMacfftrkne  and  Playtair'e  eiperimcntfl  thp  maiimum  electromotive 
Intenaitj  ia  B&l  for  paraffin  oil  and  3'iS  tor  tarppDtine.  For  nir  it  in  73,  between 
"•ks  one  oentimetrs  apart.  {Train.  R.  S.  Ed.  I8T9.)  Tbcy  have  siuce  louud  that 
IS  electric  alrength  ol  the  vaponr  o[  a  certain  liquid  paraDiu  at  60  mm,  praBsare  is 
~  '  leathat  of  ail  at  the  eauio  preasuie,  and  that  the  eleotrio  etmDgth  of  a  solid 
a  which  melts  at  22°*7  C.  is  2'5  when  liquid  mid  6  when  eolid,  that  ol  aii 
ingl. 
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But  we  have  by  no  means  reached  the  limit  of  onr  experimenttl  en- 
dence.  For  Cavendish  shows  in  Art.  49  that  if  in  anj  portion  of  a  bent 
canal  the  repultdon  of  overcharged  bodies  is  so  great  as  to  drive  all  the 
fluid  out  of  that  portion,  then  the  canal  will  no  longer  allow  the  fluid  to 
run  freely  from  one  end  to  the  other,  any  more  than  a  sipbon  will 
equalize  the  pressure  of  water  in  two  vessels,  when  the  water  does  not 
rise  to  the  bend  of  the  siphon. 

Hence  if  we  could  make  the  canal  narrow  enough,  and  the  dectrie 
repulsion  of  bodies  near  the  bend  of  the  canal  strong  enough,  we  migbt 
have  two  conductors  connected  by  a  conducting  canal  but  not  reduced 
to  the  same  potential,  and  this  might  be  tested  by  afterwards  connectiiig 
them  by  means  of  a  conductor  which  does  not  pass  cloee  to  any  over- 
charged body,  for  this  conductor  will  immediately  reduce  the  two  bodies 
to  the  same  potential. 

Such  an  experiment,  if  successful,  would  determine  at  onoe  which 
kind  of  electricity  ought  to  be  reckoned  positive,  for,  as  Cavendish 
remarks  in  Art.  50,  the  presence  of  an  undercharged  body  near  the 
bend  of  the  canal  would  not  prevent  the  flow  of  electricity. 

But  even  if  the  electric  fluid  were  not  all  driven  out  of  the  canal, 
but  only  out  of  a  stratum  near  the  surface,  the  efiective  oonductiog 
channel  would  thereby  be  narrowed,  and  the  resistance  of  the  canal  to 
an  electric  current  increased. 

Now  we  may  construct  the  canal  of  a  strip  of  the  thinnest  gold  leaf^ 
and  we  may  measure  its  electric  resistance  to  within  one  part  in  ten 
thousand,  so  that  if  the  presence  of  an  overcharged  body  near  the  gold 
leaf  were  to  drive  the  electric  fluid  out  of  a  stratum  of  it  amounting  to 
the  ten  thousandth  part  of  its  thickness,  the  alteration  might  be  de- 
tected. Hence  we  must  admit  either  that  the  one-fluid  theory  is  wrong, 
or  that  every  cubic  centimetre  of  gold  contains  more  than  ten  thousand 
million  units  of  electricity. 

The  statement  which  Cavendish  gives  of  the  action  between  portions 
of  the  electric  fluid  and  between  the  electric  fluid  and  ordinary  matter  is 
nearly,  but  not  quite,  as  general  as  it  can  be  made. 

Since  the  mode  in  which  the  force  varies  with  the  distance  is  the 
same  in  all  cases,  we  may  8up|X)8e  the  distance  unity.  Two  equal  jK>r- 
tions  of  the  electric  fluid  which  at  this  distance  repel  each  other  with  a 
force  unity  are  defined  to  be  each  one  \mit  of  electricity. 

Let  the  attraction  between  a  unit  of  the  electric  fluid  and  a  gramme 
of  matter  bo  a.  Since  we  may  suppose  this  force  difierent  for  diflferent 
kinds  of  matter,  we  shall  distinguish  the  attraction  due  to  diflerent 
kinds  of  matter  by  different  suffixes,  as  a  and  a,.  Let  the  repulsion 
between  two  grammes  of  matter  entirely  deprived  of  electricity  be  r^, 
these  two  portions  of  matter  being  of  the  kinds  corresponding  to  the 
suffixes  1  and  2. 

Now  consider  a  body  containing  M  grammes  of  matter  and  F  units 
of  the  electric  fluid.  Tlie  repulsion  between  this  body  and  a  unit  of 
the  electric  fluid  at  distance  unity  is 

F-Ma.  (1) 


r 
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If  this  exiirosaion  is  zero,  the  body  will  neither  re]>el  Dor  attract  the 
electric  fluid.  In  this  case  the  body  is  said  to  be  saturated  with  the 
electric  fluid,  and  the  coudition  of  aatiiratioo  is  that  every  gramme  of 
tuatter  contaiiiB  a  units  of  the  electric  fluid.  From  what  we  have 
already  said,  it  is  plaiu  that  a  must  be  a.  number  reckoned  by  thousands 
of  miUtoua  at  leaat.  Tlie  definition  of  eaturatiou  as  given  by  Cavendish 
is  somewhat  different  from  this,  although  on  his  own  hypothesis  it  leads 
to  identical  results.  He  makes  the  condition  of  saturation  to  be  (in 
Art.  H)  "that  the  attraction  of  the  electric  fluid  in  any  small  part  of  the 
body  on  a  given  particle  of  matter  shall  be  equal  lo  the  repulsion  of  the 
matter  in  the  same  suiall  part  on  the  same  pai-ticle."  Hence  this  con- 
dition ia  expressed  by  the  equation 

Fa^Mr.  (2) 

But  as  the  essential  property  of  a  saturated  body  is  that  it  does  not 
disturb  the  distribution  of  electricity  in  neighbouring  conductors,  we 
must  consider  the  true  definition  of  saturation  to  bo  that  there  ia  no 
action  on  the  elcctr'ti:  Jluid. 

Now  consider  two  bodies  of  diflcrent  kinds  of  matter  J/",  and  3f^,  and 
let  each  of  tbeui  be  saturated. 

The  quantity  of  electric  fluid  in  tLe  first  will  be 

F,^if,a^,  (3) 

and  that  in  the  second  /",  =  M^n^.  (4) 

The  repulsion  between  the  two  bodies  will  be 

F,F,  -  F^M,a,  -  F,if,a,  +  MM,r^„  (5) 

or,  fiiibstituling  the  values  of  F,  and  F„  and  changing  the  signs,  it  will 
be  an  aUi-nction  equal  to       M^M,  {afy  ~  »■„),  (6) 

Now  we  know  that  the  action  between  two  saturated  bodies  ia  an 
attraction  equal  to  M^Mji,  {?) 

where  k  is  the  constant  of  gravitation. 

Hence  we  must  make  '<,t,j  -  r,^  =  ^ 

fat  every  two   kinds  of  matter,  k   beio^ 
iBatter. 

Acoordiiig  to  Baiiya  repetition  of  Cavendish's  exjierinient  for  de- 
lemiining  the  mean  density  of  the  eai'tli'*, 

t^650C,10-     (■■"■''""'")■  „) 

gramme  .  second  ' 

Tills  number  is  exceedingly  smsJI    compared  to  the  product  a,n,, 

•  Dftiljr'a  adopted  mean  for  tlis  Earth's  densily  ia  5-6604.  whicli,  with  the 
nltieK  ul  the  earth's  dim«uaioDa  and  uf  tbo  ialcni^itj'  □(  tTavit;  nt  Ibe  earth's 
gnrfaie  nttd  bg  Baily  htmrnlf,  gifes  the  above  value  ot  k  aa  the  direct  reeolt  of 
Ul  axpedineiiMi 
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1.  -  -_i-   ---  !--_  1     '  ~^--  rr-:  -zr^  :■:  -Jir  s^iz*  f-^i  I*  i,  tad  let 

1.-:  -_:-  1-^.  -  -  VTV--:.  i  --_:  ::'  :l:1;7  f-:I  i-i  a  iraTiime  c-f 
~iL~rr  :r  .  i— -  -.'  ■— -  r-:-— i-.^  ;n:T>=T-  «»■:  ^^r^^ires  of  matter 
:»:  • 

1:  L  ."■•i"  .■■:i"i_i>  "  "L" -T*  ::  •^.rre:--**  -:.  -r.:T>  of  resinous  oIc«*- 
TT-.-iTj.  i-^i  -V  jr-  -  -  -ts   .■:  :-±.::-:r.  ii?  rt:  iliL.ii  ci  &  unii  of  Titreoas 

Tlr  irrzjii:-  ::  5;?.nriT::-  i>  :iA:  :hrr*  sba'.l  be  no  ftction  on  either 
kfi-i  ::  •lr::r.:-:r.  HtLJ'e,  t-r:i:ii^  c--*ch  of  these  expressions  to  zero, 
me  £i:i  is  tie  o:-iiu:i-s  of  siiur^iU-ii 

3        »        •    c-c 
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The  total  repulfiion  between  the  two  bodies  is 

[(r,F,+j;,ip,)6-(r,if,+r,«,)c-(y,+.«,)^,o,-(F,+-ff,)if,a,+if,i/,r, 

.oaowput  r,=,V,j2l-^+K*J«„ 


e  total  repulaioo  beoomes 

The  first  term  of  ttia  expi-easion,  with  its  sign  reversed,  represents  the 
Umction  of  gmvitation,  and  the  second  t«rm  repi-esenta  the  observed 
'sctric  action,  but  tlie  other  terms  represent  forces  of  a  kind  which  have 

;  hitherto  be«n  observed,  and  we  must  modifjr  the  theory  ao  as  to 

sonnt  for  their  non-existence. 

One  way  of  doing  so  is  to  suppose  6  -  c  and  a,  =  o,  =  0.  The  result 
(  thb  hypothesis  is  to  reduce  the  condition  of  saturation  to  that  of  the 
gualicy  of  the  two  fluids  in  the  body,  leaving  the  amount  of  each  quite 
idetermined.  It  also  fails  to  account  for  the  observed  action  between 
e  bodies  themselves,  since  there  ia  no  action  between  them  and  the 
lleotric  fluids. 

The  other  way  is  to  suppose  that  5,  =  S,  ~  0,  or  that  the  sum  of  the 
lautities  of  the  two  fluids  in  a  body  always  remains  the  same  as  when 
e  body  ia  saiurated.  This  hypothesis  is  suggested  by  Priestley  in  his 
wunt  of  the  two-fluid  theory,  but  it  is  not  a  dynamiftil  hypothesis, 
e  it  does  not  give  a  physical  reiisun  why  the  sum  of  these  twu 
mtities  should  be  incapable  of  altei-ation,  however  their  difference  is 

The  only  dynamical  hypothesis  which  appears  to  meet  the  case  is  to 
ippose  that  the  vitreous  and  resinous  fluids  are  both  incompressible, 
1  that  the  whole  of  apace  not  occupied  by  matter  is  occupied  by  one 
:  of  them.     In  a  state  of  saturation  they  are  mixed  in  equal 

The  two-fluid  theory  is  thus  considerably  more  difficult  to  reconcile 
nth  the  tacts  than  the  one-fluid  theory. 
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DISTRIBUTION  OF  FLUID  IN  AN  ELLIPSOID.  369 

to  coincide,  Q^Q'  ultimately  becomes  the  fluxion  of  Q,  which  we  may 
write  Q*^  and  we  have 


Q^P*     FQ;' 


(5) 


or  corresponding  elements  of  the  two  segments  are  in  the  ratio  of  the 
squares  of  their  distances  from  P, 

Let  us  now  suppose  that  A^PA^  is  a  double  cone  of  an  exceedingly 
small  aperture,  having  its  vertex  at  P;  let  us  also  suppose  that  the 
density  of  the  redundant  fluid  at  $,  is  p^  and  at  Q^  is  p,;  then  since  the 
areas  of  the  sections  of  the  cone  at  Q^  and  Q^  are  as  the  squares  of  the 
distances  from  P,  and  since  the  lengths  of  corresponding  elements  are 
also,  by  (5),  as  the  squares  of  their  distances  from  P,  the  quantities  of 
fluid  in  the  two  corresponding  elements  at  Q^  and  Q^  are  as  p^Q^P*  to 
p^PQ^\  If  the  repulsion  is  inversely  as  the  n^  power  of  the  distance, 
the  condition  of  equilibrium  of  a  paHicle  of  the  fluid  at  P  under  the 
action  of  the  fluid  in  the  two  corresponding  elements  at  Q^  and  Q^  is 

p,Q,P*-=pJ'Qr'.  (6) 

We  have  now  to  show  how  this  condition  may  be  satisfied  by  one 
and  the  same  distribution  of  the  fluid  when  P  is  any  point  within  an 
ellipsoid  or  a  sphere.  We  must  therefore  express  p  so  that  its  value  is 
independent  of  the  position  of  P, 


Transposing  equation  (1)  we  find — 

1111 


Q,P     PA,     PQ,  "^A.P- 


\7) 


Multiplying  the  corresponding  members  of  equations  (1)  and  (7) 
and  omitting  the  common  factor  A^P .  PA^, 

Q.P'      "      PQ,'      '  ^  ^ 

we  may  therefore  write,  instead  of  equation  6, 

fhiA^Q, .  QrA,y^=p,{A,Q^ .  Q^aJt",  (9) 


Lot  us  now  suppose  that  A^A^  is  a  chord  of  the  ellipsoid,  whose 
equation  is 

ar"     V*     2* 

-.+|i+-,=  l.  (10) 


If  we  write 


'-t4-?=p'>  (") 


then  the  product  of  the  segments  of  the  chord  at  ^^  is  to  the  product 
of  the  segments  at  Q,  as  the  values  of  ^  at  these  points  respectively,  or 

A,Q, .  Q,A^ :  A,Q^ .  Q^A, ::  p*  :  p,\  (12) 
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We  may  therefore  write,  instead  of  eqiuitaon  (9), 

If,  therefore,  throughout  the  ellipaoid, 

P=Cp'-\  (14) 

wlicre   C  is  constant,  every  particle  of  the  fluid  within  tlie  ellipsoid 
will  be  in  equilibrium. 

We  have  in  the  next  place  to  determine  whether  a  distribation  of 

til  is  kind  is  physically  possible. 

Let  E  be  the  quantity  of  redundant  fluid  in  the  ellipBoid, 

Jo 

=  \vabe  Cj  />— (1  -/)  dp  (15) 

=  2«i6c  C     ^^^    ^  /    \  (16) 

r(»-|i) 

Lot  p,,  be  the  density  of  the  redundant  fluid  if  it  had  been  uniformlj 
Kpread  through  the  volume  of  the  ellipsoid,  then 

^^-^Y^f^cpoy  (17) 

and  Up  is  th(j  actual  d<?iisity  of  the  redundant  fluid, 

,  ■-("^') 

*^  \        -        /  ,-4  -  .,. 


^{Mm 


When  n  is  not  less  than  2,  there  is  no  difficulty  about  the  interpre- 
tation of  this  result. 

The  density  of  the  redundant  fluid  is  everywhere  positive. 

When  7i  -  4  it  is  everywhere  uniform  and  equal  to  p^, 

Wh(;n  n  is  greater  than  4  the  density  is  greatest  at  the  centre  and  is     ' 
zero  at  the  surface,  that  is  to  say,  in  the  language  of  Cavendish,  the 
matter  at  the  surface  is  satumtcd. 

When  71  is  between  2  and  4  the  density  of  the  redundant  fluid  at  the     t 
centre  is  positive  and  it  increases  towards  the  surface.     At  the  surface 
itself  the  density  becomes  infinite,  but  the  quantity  collected  on  the 
surface  is  insensible  compared  with  the  whole  redundant  fluid. 
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a  n  is  equal  to  2,  T  ( — ^— \ 


bacomea  infiniu^  aud  the  value  of  p 

)  for  all  points  within  the  ellipsoid,  bo  that  the  whole  charge  la 
illectefl  on  the  surface,  and  the  interior  pai-ta  are  exactly  saturated, 
md  this  we  find  to  be  consistent  with  equilibrium. 

When  n  is  leas  than  3  the  integral  in  equation  (15)  becomes  infinite, 
pence  if  we  assume  a  value  for  0  in  the  interior  parts  of  the  ellipsoid, 
>  cannot  extend  the  sumo  law  of  distribution  to  the  surface  without 
ptroducing  an  infinite  quantity  of  rednndant  fluid.  We  might  there- 
Ire  conclude  that  if  the  quantity  of  redundant  fiuid  is  given,  wo  muat 
lake  C  =  0,  and  supijose  the  redundant  fluid  to  be  all  collected  at  the 
'.,  and  the  intei'ior  to  be  esaetly  saturated.  But,  on  trying  this 
Istribiition,  we  fiud  that  it  is  not  consistent  with  equilibrium.  For 
n  ia  less  than  S,  the  elfect  of  a  shell  of  fluid  on  a  particle  within  it 
p  a  force  directed  from  the  centre.  If,  therefore,  a  sphere  of  saturated 
tatter  is  suiTOunded  by  a  shell  of  electric  fluid,  the  fluid  in  the  sphere 
kll  be  drawn  towards  the  shell,  and  this  process  will  go  on  till  the 
Tflerent  parts  of  the  interior  of  the  sphere  are  rendei'ed  undercharged 
)  such  a  degi'eo  that  each  particle  of  fluid  iu  the  sphere  is  as  much 
ttracted  to  the  centre  by  the  matter  of  the  sphere  as  it  is  repelled  from 
k  by  the  fluid  in  the  sphere  and  the  shell  together.  This  is  the  same 
icluaion  as  that  stjited  by  CaveudiwlL 

Green  solves  the  problem,  on  the  hypothesis  of  two  fluids,  in  the 
bllowiug  manner. 

e  that  tlie  sphere,  when  saturated,  conttdna  a  finite  quantity, 
m,  of  the  positive  fiuid,  and  an  equal  quantity  of  the  negative  fluid,  and 
a  quantity,  Q,  of  one  of  them,  say  the  positive,  be  introduced  into  the 

Let  the  whole  of  the  positive  fluid  be  spread  uniformly  over  the 
muface  of  the  sphere  whose  radius  is  a,  so  that  if  f  ia  tlte  surface- 
density, 

Gt'een  then  conaiders  the  equilibrium  of  fluid  in  an  inner  and  con- 
centric sphere  of  radius  6,  acted  on  by  the  fluid  in  the  surface  whoso 
I'adius  is  a,  and  shows  that  if  the  density  of  the  fluid  ia 

there  will  Iw  equilibrium  of  the  fluid  within  the  inner  sphere. 

The  value  of  p  is  evidently  negative  if  n  is  less  than  2. 

Qr«en  then  detemiinee,  fi-om  this  value  of  the  density,  the  whole 

I  quantity   of  fluid  within  the  sphere  whose  radius  is  b,  and   then  by 

k«qnAting  this  lo  -  E,  the  whole  quantity  of  negative  fluid,  lie  determines 

"  i  radius,  i,  of  tlie  inner  aphere,  so  that  it  shall  just  contain  tbo  whole 
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The  whole  of  the  positive  fluid  is  thus  condensed  on  the  outer  snr&oe, 
the  whole  of  the  negative  fluid  distributed  within  the  inner  sphere,  and 
the  shell  between  the  two  spherical  sur&oes  is  entirely  deprived  of  bodi 
fluida 

At  the  outer  surface,  the  force  on  the  positive  fluid  is  from  the 
centre,  but  the  fluid  there  cannot  move,  because  it  is  prevented  bj  the 
insulating  medium  which  surrounds  the  sphere: 

In  the  shell  between  the  two  spherical  sur&ces  the  force  on  the 
positive  fluid  would  be  from  the  centre.  Hence  if  any  positive  flsid 
enters  this  shell,  it  will  be  driven  to  the  outer  surface,  and  if  anj 
negative  fluid  enters,  it  will  be  driven  to  the  inner  surface. 

But  all  the  positive  fluid  is  already  at  the  outer  surfiu^  and  all  the 
negative  fluid  is  already  in  the  inner  sphere,  where,  as  Green  has  shown, 
it  is  in  equilibrium,  and  thus  the  fluids  are  in  equilibrium  throughout 
the  sphere. 

It  may  be  remarked  that  this  solution,  according  to  which  a  certiin 
portion  of  matter  becomes  entirely  deprived  of  both  fluids,  is  inconsistent 
with  the  ordinary  statements  of  the  theory  of  two  fluids,  which  usnallv 
asscH  that  bodies,  under  all  circumstance^  contain  immense  quantities 
of  both  fluids. 

In  the  two-fluid  theory,  by  depriving  matter  of  both  fluids,  we  get 
an  inactive  substance  which  gives  us  no  trouble,  but  in  the  one-fluid 
theory,  matter  deprived  of  fluid  exerts  a  strong  attraction  on  the  fluid, 
the  consideration  of  which  would  considerably  complicate  the  mathe- 
matical problem. 


Infinite  plate  with  plane  parallel  surfaces. 

The  distribution  of  the  fluid  in  an  infinite  plate  with  plane  parallel 
surfaces  is  given  in  the  general  solution  which  we  have  obtained  fur 
a  body  bounded  by  a  quadric  surface,  namely,  p  =  Cp*"^. 

In  tlie  case  of  the  plate  we  must  suppose  it  bounded  by  the  planes 
a  =  +  a,  and  x^-a,  and  then  p  is  defined  by  the  equation 

a^^a'^il-p^ 

If  o"  is  the  quantity  of  fluid  in  a  portion  of  the  plate  whose  area  is 
unity, 


J  -a 


Ca 


T^^ 


Thin  disk. 


The  distribution  in  an  infinitely  thin  disk  may  be  deduced  from  that 
in  an  ellipsoid  by  making  one  of  the  axes  infinitely  smalL     It  is  better 
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however  to  proceed  by  the  method  which  we  have  abready  employed, 
only  that  instead  of  supposing  the  line  A  ^P A  ^  (Fig.  p.  368)  to  be  a  double 
cone,  we  suppose  it  to  be  a  double  sector  cut  fix>m  the  disk.  The  breadth 
of  this  sector  is  proportional  to  the  distance  from  P,  so  that  the  con- 
dition of  equilibrium  of  the  repulsions  of  two  corresponding  elements 
whode  surface-densities  are  o-,  and  o-,  is 

whence  we  find,  as  before,  that  if  the  equation  of  the  edge  of  the  disk  is 

andif  l_^-^'=;^, 

then  the  sur£a>ce-density  at  any  point  is 

The  quantity  of  fluid  in  the  disk  is  found  by  integrating  over  the 
sur&ce  of  the  disk,  and  is 

^     2ira6(7 

Hence  if  o-^  is  the  mean  sorfkce^ensityi  the  surface-density  at  any 
point  is  given  by  the  equation 

cr  =  — jj—  (Top     . 


Thin  rod. 

The  distribution  on  an  infinitely  thin  rod  is  found  by  considering 
A^PA^  a  rod  of  uniform  section,  which  leads  to  the  equation 

where  X  is  the  lineai*  density,  and  if  the  length  of  the  rod  is  2a,  and 
if  a;  is  the  distance  from  the  middle,  and  a;*  =  a'  (1  —jf),  the  distribution 
of  the  linear  density  is  given  by 

The  charge  of  the  whole  rod  is 

rG)r(l) 
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ill  which  n  must  Vr  Ixrtwe^n  1  anl  3. 

VVhon  n   -2,    r=^/?.r'. 

For  an  infiniU'lj  nan*ow  rod 

'w  +  l\  _  /2-n 
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On  cmmla  of  incompreaaihh  Jluitl. 

It  aiH)ears  from  several  paasage-i  (Arts.  40,  236,  273,  27G,  278,  294, 
■48)  Ibtit  Caveuilisli  cousidered  that  the  we^eat  point  Lii  hia  theory 
raa  the  asstunptloii  that  the  condition  of  electric  equilibrium  between 
^o  comluctois  connected  hj  a  fine  wire  is  the  aamo  ea  if,  itmtend  of 

I  wire,   there  were  a  csjulI   of  iacorapressible  fluid   defined  as  in 

t.  69. 

It  is  true  that  the  properties  of  the  electric  fluid,  as  defined  by 
Wendish  in  Art.  3,  are  very  difierent  from  those  of  aa  incompressible 
luid.  But  it  ia  easy  to  show  that  the  results  deduced  by  Cavendish 
rom  the  hy|>othcsis  of  a  canal  of  incompressible  fluid  are  applicable 
0  the  actual  case  in  which  the  bodies  are  connected  by  a  fine  wire. 

In  what  follows,  ■ 
e  canal  or  the  win 
fecial  ly  mentioned. 

Cavendish  snpiMses  the  canal  to  be  everywhere  exactly  xatnrated 
irith  the  electric  fluid,  and  that  tbe  only  external  force  acting  on  the 
Puid  in  the  canal  ia  that  due  to  the  electrification  of  the  other  bodies. 

Since  this  resultant  force  is  not  in  general  zero  at  all  pioints  of  the 
panal,    the   fluid  in  the  canal  cannot  be  in  equilibrium  unless  it  is 

revented  from  moving  by  some  other  force.  Now  the  condition  of 
ncompressibility  excludes  any  such  displacement  of  the  fluid  as  would 
|dter  tbe  quantity  of  fluid  in  a  given  volume,  and  the  stress  by  which 
well  a  displacement  ia  resisted  is  called  isotropic  (or  hydrostatic)  pres- 
la  a  hypothetical  case  like  this  it  is  best,  for  the  sake  of  con- 

innity,  to  auppose  that  negative  as  well  as  positive  values  of  the  pressure 

e  admissible. 
In  the  electrified  bodies  theraaelvea  the  properties  of  the  fluid  are 
those  defined  in  Art.  3.  The  fluid  ts  therefore  incapalile  nf  sustaining 
pressure  except  when  its  particles  are  close  packed  together,  and  as  it 
oannot  sustain  a  neg^itive  pressure,  the  pressure  must  be  zero  iu  tbe 
electrified  bodies,  and  therefore  ttho  in  the  canal  at  the  points  where 
it  meets  these  bodies. 

The  condition  of  equilibrium  of  the  fluid  in  the  canal  is 
dV     dp     . 

wliere  Fdenotoa  tbe  potential  of  the  electric  forces  due  to  tbe  electrified 
bodice^  p  the  di-nsity,  and  p  the  pressure  of  the  fluid  in  the  canal,  and  ■ 
the  length  of  tlie  canal  reckoned  from  a  fiited  oi'igin  to  the  jioint  under 
oooaiderattou. 
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Since  by  the  hypothesia  of  incompressibility,  p  is  ooii8t«nty 

pV^p  =  C, 

where  C  is  a  conHtant ;  and  if  we  distinguish  by  suffixes  the  symbob 
belonging  to  the  two  ends  of  the  canal  where  it  meets  the  bodies  i, 
and  A^j 

But  we  have  seen  that  p^-p^  =  0.  Henoe  dividing  by  p  we  find  for 
tlic  condition  of  equilibrium 

F  =  F 

or  the  electric  ix)tential  of  the  two  bodies  most  be  eqnaL 

We  arrive  at  precisely  the  same  condition  if  we  suppose  the  bodiei 
connected  by  a  line  wire  which  is  made  of  a  conducting  substanca 

Ijet  V  as  before  be  the  potential  at  any  given  point  due  to  the  dee- 
trified  bodies,  and  let  V^  be  its  value  in  J,,  and  F,  its  value  in  J,,  snd 
let  V  be  the  i>otential  due  to  the  electrification  of  the  wire  at  the  given 
]>oint,  then  tlie  condition  of  equilibrium  of  the  electricity  in  the  wire 
is  that  V+  P  must  be  constant  for  all  points  within  the  substance  of  Um 
wii*e.     Hence  at  the  two  ends  of  the  wire 

r.  +  r.'=F,+  r,'. 

Hence  the  actual  potential  duo  to  the  bodies  and  the  wire  together  it  the 
same  in  A^  and  A^ 

Tlie  only  difference,  then,  between  the  actual  case  of  the  wire  tad 
the  hy|H)thetical  case  of  the  canal  is  that  the  surface  of  the  wire  is 
cliarp;eil  with  electricity  in  such  a  way  as  to  make  its  potential  every- 
whoro  constant,  whereas  the  canal  is  exactly  saturated,  and  the  effect 
of  variiition  of  j)otential  is  counteracted  by  variation  of  pressure. 

Hence  the  canal  produccij  no  oflcct  in  altering  the  electrical  state  of 
the  other  bodies,  whereas  the  wire  acts  like  any  other  body  charged 
with  electricity. 

The  charge  of  the  wire,  however,  may  be  diminished  without  limit 
by  diminishing  its  diameter.  It  is  apj)roxiinately  inversely  propor- 
tional to  the  h).icarithm  of  the  ratio  of  a  certain  length  to  the  diameter 
of  the  wire.  Hence  by  nuiking  the  wire  fine  enough,  the  disturlmni^ 
of  the  distribution  of  electricity  on  the  bodies  may  be  made  as  small  as 
we  please. 


Frorn  the  Pre/ace  to  Green's  ^^ Essay  on  the  Application  of  Mathematical 
Aiuilf/sis  to  the  Theories  of  Electricity  and  Magnetism,'^ 

"  CxvENDTsn,  who  having  confined  himself  to  such  simple  methods 
as  may  re^idily  bo  understoo<l  by  any  one  iK)»8C88e<l  of  an  elcmentaiy 
knowledge  of  geometry  and  fluxions,  has  rendered  his  paper  aooesaible 
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to  B,  great  numlier  of  readers ;  and  altliougti,  from  Biibseqiient  remarks, 
lie  ftjij»eiLi-H  dissatisfied  witli  aii  liyjiotheais  wLicb  euuliled  liim  to  draw 
Bome  iiiijiorLant  conclusiotva,  it  will  readily  be  jierceived,  <iu  an  nttcBtive 
peniKal  of  Lis  pa]>er,  tliat  a  tricing  alttratiou  will  suffice  to  reuder  the 
vhcle  perfectly  legitimate. 

Jn  order  to  make  tUia  quite  clear,  let  us  select  one  of  Cavendish's 
propositions,  the  twentieth  for  instao'ce  [Aj-t.  71],  and  examiDe  with 
some  attention  the  metliod  there  eiii|jIoje(I.  The  object  of  this  propo- 
BitioD  is  to  show,  that  when  two  similar  couductlng  bodies  commimicaite 
by  means  of  a  long  slender  canal,  and  are  charged  with  electricity,  the 
respective  quantities  of  redundant  fluid  contained  in  them  will  be  pro- 
portional to  the  N— 1  power  of  theii'  corresponding  diameterii ;  sup- 
potting  the  electric  repukion  to  vary  inversely  aa  the  n  power  of  the 


This  Is  proved  by  considering  the  canal  as  cylindrical,  and  filled  with 
iucompresaible  fluid  of  uniform  density ;  then  the  quantities  of  elec- 
tricity in  the  interior  of  the  two  bodies  are  determined  by  a  very  simple 
geometrical  construction,  ho  that  the  total  action  exerted  on  the  whole 
CHnal  by  one  of  them  shall  exactly  balance  that  arising  from  the  other ; 
ftnd  from  some  remarks  in  the  ST""  proposition  [Arts.  94,  95]  it  ai>pettrs 
th«  results  thus  obtained  agree  very  well  with  experiments  in  which 
real  canjUs  are  employed,  whether  they  are  straight  or  crooked,  provided, 
as  Las  since  been  shown  by  Ouuloinb,  »  is  equal  to  two.  The  author, 
however,  confesses  he  is  by  no  means  able  to  demonstrate  this,  although, 
Hs  we  shall  see  immediately,  it  may  very  eaaily  be  deduced  from  the 
projKisitions  contained  in  this  paper. 

For  this  purpose  let  us  conceive  all  lucompressible  fluid  of  uniform 
density,  whose  particles  do  not  act  on  each  other,  but  which  ai-e  subject 
to  the  same  actions  from  all  the  electricity  in  their  vicinity,  as  real 
electric  fluid  of  Like  density  would  be ;  then  supposing  an  infinitely  thin 
canal  iif  this  hypothetical  fluid,  whoso  peqieudicutar  sections  are  all 
e(]iinl  and  similar,  to  pass  from  a  point  a  on  the  surface  of  one  of  the 
bodies  through  a  portion  of  its  mass,  along  the  interior  of  the  real  canal, 
ultd  through  a  part  of  the  other  body,  so  as  to  reach  a  point  A  on  its 
surface,  aud  then  proceed  from  ^  to  a  in  a  right  line,  forming  thus  a 
closed  circuit,  it  is  evident  from  the  principles  of  hydrostatics,  and  may 
be  proved  from  our  author's  23nl  proposition  [Art,  84],  that  the  whole 
of  the  hypothetical  canal  will  be  in  equilibrium,  and  as  every  particle 
of  the  [Mirtion  cont^ned  within  the  system  is  necessarily  bo,  the 
rectilinear  portion  aA  must  therefore  bo  in  equilibrium. 

This  Bim)>le  consideration  serves  to  complete  Cavendish's  denion- 
stmtion.  wliatever  may  be  the  form  or  thickness  of  the  real  camd, 
provided  the  quantity  of  electricity  iu  tt  is  very  small  compared  with 
that  contained  in  the  bodies, 

An  amilugous  application  of  it  will  render  the  demonstration  of 
the  2'2nd  proposition  [Art.  74]  complete,  when  the  two  coatings  of  the 
gifi«e  t>lut«  couimunicate  with  their  respective  conducting  bodies  by  fine 
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^  tA«  cAargea  of  two  equai  paraOd  Saka^  tke  dutamee  beiwem 
tkem  being  amoB  armpared  wiik  ike  radiuB, 


Tbe  theoTT  of  two  {Mr»nd[  diskiy  dnzged  in  any   wm j,   maj  be 
dednced  from  the  consideradoa  of  two  princqial 


The  first  case  is  when  the  potentials  of  the  two  disks  are  equal    If 
the  distance  between  the  disks  is  trt  small  compared  with  their  dis-    - 
meter,  we  maj  consider  the  whole  system  as  a  ain^e  disk,  the  cfasige   ' 
of  which  is  approximatelT  the  same  as  if  it  were  infinitel j  tldn.     Henoi 
if  F  be  the  potential,  and  if  we  write  J  for  the  o^pacitj  of  the  first  disk, 
and  B  for  the  coefficient  of  induction  between  the  two  diaka,  the  cfasige    • 
of  the  first  disk  is 

and  that  of  the  aecond  is 

If  we  make  F,  =  r,=  F, 

Q,*Q,  =  2(A-B)V. 
Uenoe,  by  note  2, 


The  second  case  is  when  the  charges  of  tbe  disks  are  equal  and 
opposite.  The  sorface-densitj  in  this  case  is  approximately  unifurm 
except  near  the  edges  ot*  the  disks.  I  have  not  attempted  to  ascertain 
the  amount  of  accumulation  near  the  edge  except  when  n  =  2.  If  we 
sup{X)sc  the  density  uniform,  then  for  a  charge  of  the  first  disk  eqiul 
to  ira',  its  potential,  when  h  the  distance  between  the  disks  is  small 
compared  with  a  the  radius,  will  be  approximately 


»> 

(«- 

2»- 
l)(3-«)        • 

Hence,  since 

r. 

—  _ 

y. 

A 

+  J5  = 

=  J(«-l)(3-«)aV 

-a 

> 

and  wo  find 

A  =  \{n-\){Z-n)a^h-'  + 


a— 


^  (^)  ^  (^")  ■ 


i?=J(n-l)(3-n)a^6"-'- 


'-  (^') '  fr") 


When  n  =  2, 


ZERO 

POTENTIAL 

A 

=  i 

a' 
b 

a 

B 

=  i 

a" 
6 

a 
2>r' 

379 


In  this  case,  however,  we  can  carry  the  approximation  further,  for 
it  is  shown  in  Note  20  that 


^-^=K'•"^^0• 


It  is  shown  in  '*  Electricity  and  Magnetism,"  Art.  202,  that  when 
two  disks  are  charged  to  equal  and  opposite  potentials,  the  density  near 
the  edge  of  each  disk  is  greater  than  at  a  distance  from  it,  and  the 

whole  charge  is  the  same  as  if  a  strip  of  breadth  ^r-  had  been  added  all 

round  the  disk. 


Hence  ^+if  =  ^(o  +  ^) 


«'       a        h 
"  26  *2^  "^S^' 


Note  5,  Art.  90. 

This  proposition  seems  intended  to  justify  those  experimental 
methods  in  which  the  potential  of  the  earth  is  assumed  as  the  zero  of 
potential. 

Cavendish,  by  introducing  the  idea  of  degrees  of  electrification, 
as  distinguished  from  the  magnitudes  of  overcharge  and  undercharge, 
very  nearly  attained  to  the  position  of  those  who  are  in  possession  of  the 
idea  of  potential.  But  the  very  form  of  the  phrases  "positively  or 
negatively  electrified,''  which  Cavendish  uses,  confers  an  importance  on 
the  limiting  condition  of  "no  electrification,"  which  we  hardly  think  of 
attributing  to  "  zero  potential."  For  we  know  that  all  electrical  phe- 
nomena depend  on  differences  of  potential,  and  that  the  particular 
potential  which  we  assume  for  our  zero  may  be  chosen  arbitrarily, 
because  it  does  not  involve  any  physical  consequences. 

It  is  true  that  the  mathematicians  define  the  zero  of  potential  as  the 
potential  at  an  infinite  distance  from  the  finite  system  which  includes 
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the  electric  charges.  This,  however,  is  not  a  definitioii  of  whidi  fl» 
experimentalist  can  avail  himself,  so  he  takes  the  potential  of  the 
earth  as  a  zero  accessible  to  all  terrestrial  electricians,  and  each  deo- 
trician  **  makes  his  own  eartL" 

The  earth-connexion  used  by  Cavendish  is  described  in  Art.  25& 
But  when  the  whole  apparatus  of  an  electrical  experiment  is  contained 
in  a  moderate  space,  such  as  a  room,  it  is  convenient  to  make  an 
artificial  "  earth  "  by  connecting  by  metal  wires  the  case  of  the  electro- 
meter with  all  those  parts  of  ite  apparatus  which  are  intended  to  be 
at  the  same  potential,  and  calling  this  potential  zero. 

It  appears  by  observation,  that  in  fine  weather  the  electric  potebtial 
at  a  point  in  the  air  increases  with  the  distance  from  the  earth's  smCue 
up  to  the  greatest  heights  reached  by  observers,  and  in  all  parts  of  tbe 
earth.  It  is  only  when  there  are  considerable  disturbances  in  the  at- 
mosphere that  the  potential  ever  diminishes  as  the  height  increifleL 
Hence  the  potential  of  the  earth  is  probably  always  less  tiian  tliat 
of  the  highest  strata  of  the  atmosphere. 

If  the  earth  and  its  atmosphere  together  contain  just  as  mndi  ebe- 
tricity  as  will  saturate  them,  and  if  t£ere  is  no  free  electricity  in  the 
regions  beyond,  then  the  potential  of  the  outer  stratum  of  the  at- 
mosphere will  be  the  same  as  that  at  an  infinite  distance,  that  is,  it  will 
be  the  zero  of  the  mathematical  theory,  and  the  potential  of  the  eazth 
will  be  negative. 


Note  6,  Art.  97,  p.  43. 
On  iJie  MolecxdiXT  Constitution  of  Air, 

Tlio  theory  of  Sir  Isaac  Newton  here  referred  to  is  given  in  the 
FrincipUiy  Lib.  ii.,  Prop,  xxiii. 

Ne>vton  supposes  a  constant  quantity  of  air  enclosed  in  a  cubical 
vessel  whicli  is  made  to  vary  so  as  to  become  a  cube  of  greater  or  smaller 
dimensions.  Tlien  siuce  by  Boyle's  law  the  product  of  the  pressure  of 
the  air  on  unit  of  surface  into  the  volume  of  the  cube  is  constant ;  and 
siuce  the  volume  of  the  cube  is  the  product  of  the  area  of  a  fiioe  into 
the  edge  peq>endicular  to  it,  it  follows  that  the  product  of  the  totil 
pressure  on  a  face  of  the  cuIk)  into  the  edge  of  the  cube  is  constant,  or 
the  total  pressure  on  a  face  is  inversely  as  the  edge  of  the  cube. 

Now  if  an  imaginary  plane  be  drawn  through  the  cube  parallel  to 
one  of  its  faces,  the  mutual  pressure  between  the  portions  of  air  on 
opi>oBite  sides  of  this  plane  is  equal  to  the  pressure  on  a  face  of  the 
cube.  But  the  number  of  particles  is  the  same,  and  their  configuration 
is  geometrically  similar  whether  the  cuIk)  is  large  or  small.  Hence  the 
distance  between  any  two  given  molecules  must  vary  as  (he  edge  of  the 
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Mbe,  and  the  force  lietweon  the  two  molecules  muat  vary  as  tlio  total 
orce  between  the  seta  of  moleciilee  sepai-uted  by  the  imaginary  plane, 
nil  therefore  the  pi-oduct  of  the  repulsion  between  two  given  mote- 
kules  into  the  distance  between  them  must  be  constant,  in  other  worda 
'  o  repulsion  varies  inversely  as  the  distance. 

In  this  demonstration  the  repulsion  considered  is  that  between  two 
mgiveti  njolecnles,  and  it  is  showa  that  this  muat  vary  inversely  as  the 
I  distance  between  them  in  order  to  account  for  Boyle's  law  of  the  elas- 
t  ticity  of  air. 

If,  however,  we  mippoae  the  same  law  of  repulsion  to  hold  for  eveiy 
'r  of  molecules,  Newton  shows  in  his  Scholium  that  it  would  require 
ft  greater  pressui-e  to  produce  the  same  density  in  a  larger  maaa  of  air. 

We  must  therefore  euppoae  that  the  repulsion  exists,  not  between 
I  every  pur  of  molecules,  but  only  between  each  molecule  and  a  certain 
L  definite  number  of  other  molecules,  which  we  may  suppose  to  be  defined 
)  those  nearest  to  the  given  molecules.  Newton  gives  as  an  examjile 
f  such  a  kind  of  action  tlie  attraction  of  a  magnet,  the  field  of  which  is 
uitraotod  when  a  plate  of  iron  is  interposed,  so  that  the  attractive 
x>wer  appears  to  l>o  bounded  by  the  nearest  body  attracted. 

If  the  repulsion  were  confined  to  those  molecules  which  are  within 

L  certain  dittanee  of  each  other,  tjien,  as  Cavendish  points  out.  the 

■  Itresaore  arising  from  this  repulsion  would  vary  nearly  as  the  square 

^if  the  density,  provided  a  large  number  of  molecules  are  within  this 

Bistonce.     Hence  this   hyjiothesis  will   not   ex[)Iain  the  fact  tlvat  the 

varies  as  the  density. 

On  the  other  hand,  if  the  repulsion  were  limited  to  paiiiicular  pairs 
I  particles,  then  since  the  particlea  are  free  to  move,  these  pairs  of 
rtictes  would  move  away  from  each  other  till  only  those  particlca 
B  near  each  other  between  which  tlie  repulsive  force  is  supposed  not 
D  exist 

It  would  appear  therefore  that  the  hypothesis  stated  by  Newton  and 
lopted  by  Cavendish  is  the  only  admissible  one,  namely,  tliat  the  re- 
mlaive  force  is  inversely  aa  the  diabiuoe,  but  is  exerted  only  between 
Pvie  nearest  molecules. 

Newton's  own  conclusion  t«  his  investigation  of  the  properties  of  air 
on  the  statical  molecular  hypothesis  is  aa  follows: — "An  vero  FJiiida 
f^asticA  ex  porticidis  se  niutuo  fugnntibus  conatent,  Qutestio  Pbyaica  est. 
Noe  proprietatem  Flnidorum  ex  eJusTnodi  particulis  constantium  mathe- 
matice  dL-nionstravimuSj  ut  Philosophis  ansam  pneheamua  Qiuestionem 
iUam  tractandi." 

The  theory  that  the  moleculee  of  elastic  fluids  are  in  motion  BatisGea 
tbe  coiiditions  of  the  question  aa  pointed  out  by  Newton  in  a  much 
more  natural  manner  than  any  modification  of  the  statical  hypothesis. 

Accoi-ding  to  the  kinetic  thecry  of  gases,  each  molecule  is  in  motion, 
WUi  tUa  Mietioa  is  darine  the  gnotsr  part  of  its  oouise  undiitnrbed  br 
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l:-:.  ',  i  ■-.:.  .-■?:_  ■:.  .-.v.  . .-  :■.  r.M  .i  ;  r^;-.:?':-  :-:'..■.:_:  n«:  !•>  the  unu-^ 
;'.  .*.  '0  :.l  L  -  ■::--;;.  r;- .-'irr: !.  :v::-.5  w:::,L  he  fl-M-l  cumjit 
:.':..:.„;  -.  :":.v.:  :.-.  "'  -:  :.  :  ""-.".  '..!:..-:.  Ti.;-  i-v.i:,::-.^  whioh  Ir*  htiv 
r.x'rH  '.-.  '.:.::...  .l  ;  -  :.::L  :  v  -v-rr .-..rij  ::::^«  i2iu;L  u>o  oi^  is  e-iuiva]t:i! 
Vj  ',':.'■  I.. '.<:.'::. J  :  i:..-  i:. -■:•  r:.  :'.::..  j-.:»:.:::i'..  as  ;;5ol  bv  j'l-actical  tkv- 
'.fi'.i'^:.-,.  'Jh-;  i'i--:  of  I  ■.:■.■:.::.*!  :vs  u-'.-'l  \v  L.vi:I.'.Uii"ii:oi;iii.s  L>  express. J 
iiv  r"av«::.'i:-l.  hi  L:.^  ^^  :o:v  r.f  c;;:..-.!^  of  i ::•:.. iiii-roscibk-  lluiil. 

fn  tl;.-  ••  Tho'-iil.t-:  ••'>:.ceni:i-j:  Electricity."  a:iJ  in  tho  unpuMislu-i 
|i;i|i<ir=^,  'l'-;.^n:«'-.  of  *rl';cinfi«aiioii  aiv  sjiokt-u  t»f.  These  dogrtfjs  of  t'lw- 
t.f ifi«jit.iojj  ;iie  iJi*jr-ui«;<l  in  tlio  txiierimeiital  roseaivlu-s  liv  ui«:iiis  ol 
«;]»"^tp;ifi't»:rs  of  diHi'n.iit  kinds,  and  ahicr  he  has  ct>iimai"eil  tlie  iiuii 
r:iUi,iiH  of  Ills  (;]«Ttroiii«  ters  with  the  dojipves  of  elect rifieatii»n  rt^juind 
Jo  iiiak<;  a  Mjiark  j»ass  l»elweeu  the  halls  of  Lant'S  discharging  eltvtro- 
iiK  ti-r,  we  in;i y  r'X|>re8s  all  th<rs«^  measiiiXMuents  in  un>deni  unit«,  thoiii:li 
</;iv»ii»li:Ji's  orimnal  (:h.'ctroni»'toi"s  no  lonijiT  exist. 

I  ha VI'  not  heen  ahh;  to  trace  the  idea  of  electric  [H>tential  in  tin- 
work  i»r  <M|iinns,  ho  that  CavendiKli  seems  the  first  to  have  made  nsf- 
nf  it.     Tliii  n'Iatir»n  hilween  the  ohar*jce  of  a  l)ody  and  tlie  de'Ti'e  i»!" 


FORCE   BETWEEN   TWO   SPHEEES. 
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ita  electi'ificatiou  bi  ihu  main  object  of  Caveadiah's  expieriiiiental  re- 
•MTclius,  au<l  the  reatdte  of  hu  work  wore  expressed  in  the  material 
Jbnu  of  a  collection  of  coated  [ilstea,  each  of  which  had  a  oapacily  equal 
D  that  of  a  sphere  of  koowTi  diaineter. 

The  leading  idea  in  the  great  experimental  work  of  Coulomb  seems 

to  be  the  measurement    of  the   charges  of  the   different   bodiea   of  a 

stem  and  of  parts  of  those  bodies.      Perhaps   the   most  valuable   of 

lulomb's  many  contributions  to  experimental  physics  was  the  mea- 

mrement  of  the  gurface-density  of  the  (llxtribution  of  electricity  on  a  con- 

"nctor  on  different  parts  of  its  surface  by  means  of  the  i)roof  plane. 

numericul  results  obtained  by  Coulomb  led  directly  to  the  great 

■Uftthematical  work  of  Foisson.      I  have   not   been  able,  however,  to 

in  in  those  parts  of  Contonib'a  papers  where  it  would  greatly 

ftcilttate   the   exposition,  any   idea  of  potential   as  a   quantity  which 

ime  value  for  all  |^rts  of  a  system  of  conductore  c 
tang  with  each  other. 


Note  8,  p.  51. 

Cages  of  Allractlmt  nnrf  Re}»ilnon. 

Tha  statement^!  of  Cavendish  may  bo  illuBtraled  by  the  case  of  two 
teres  A  and  B,  whose  radii  are  a  and  h,  and  the  distance  between 
lir  centres  c. 

If  the  chai^  of  ^  is  I ,  and  that  of  if  is  0,  the  attraction  Js 

.,6'     „6°     .ft'     ,6'  + 46V     , 
2  ^  +  3-;  +  4-i-»-5 n +  Ac, 

oxpresaion  which  shows  that  it  depends  chiefly  on  the  value  of  b,  the 
lius  of  the  sphere  without  charge. 

If  the  sphere  B,  instead  of  Iwiug  without  charge,  is  at  potential  zero, 
it  is,  if  it  is  not  insulated,  the  attraction  is 


This  eipreeaion  exceeds  the  former  by 
T  +  3  ^^  +  Ac. 


The  number  of  times  that  the  attraation  of  an  uninsulated  sphere 
that  of  a  sphere  without  charge  is  therefore  approximately 


384j  note  9.  ^ 

With  respect  to  two  bodies  at  the  same  potential.  Cavendish  remarb 
in  Art    113,  that  it  may  be  said  that  one  of  them  may  be  rendered 
undercharged  in  the  part  nearest  to  the  other,  and  he  shows  that  even 
in  this  case,  the  two  bodies  must  repel  each  other.      Cut  it  may  be  shown 
that  each  of  the  bodies  must  be  overcharged  in  every  part  of  its  surfacei 
For  in  the  first  place  no  part  can  be  underchai^ged,  for  the  lines  of  force 
which  terminate  in  an  undcix)harged  surface  must  have  come  from  an 
overcharged  surface  at  which  the  }K)tential  is  higher  than  at  the  suihct 
But  there  is  no  body  in  the  field  at  a  higher  potential  than  the  two 
bodies  considered.     Hence  no  part  of  their  surface  can  be  underchsi]ged. 

Nor  can  any  finite  part  of  the  surface  be  free  from  chai^^it 
may  be  shown  that  if  a  finite  portion  of  the  surface  of  a  conductor  is 
free  from  charge,  every  point  which  can  be  reached  by  oontiiiaoot 
motion  from  that  part  of  the  surface  without  passing  through  an  cJeo- 
trified  siuface  must  l)e  at  the  same  potentiaL  Hence  no  fiuite  poilion 
of  a  surface  can  be  free  from  charge,  unless  the  whole  suifaoe  is  finee 
from  charge. 


Note  9,  Art.  124. 

The  rate  at  which  elcctiicity  passes  from  a  conductor  to  the  sur- 
rounding air  or  from  the  siu'rounding  air  to  a  conductor  was  helifiTcJ 
to  be  much  greater  by  Cavendish  and  his  contemporaries  than  is  con- 
sistent with  modern  experiments.  Judging  from  the  statements  of  the 
electricians  of  each  generation,  it  would  seem  as  if  this  rate  had  been 
diniinisliing  steadily  dunng  the  last  hundred  years  in  exact  corre- 
sj)ondcnee  witli  the  ini|>rovenients  which  have  been  made  in  the  coa- 
struction  of  solid  insulating  supports  for  electrified  conductors. 

Whenever  the  intonsitv  of  the  electromotive  force  at  the  snrfaco 
of  a  conductor  is  sufticiently  grciit,  the  air  no  do\ibt  becomes  charjic*!.* 
This  is  the  case  at  a  sharp  point  connected  with  the  conductor  evt-n 
when  the  potential  is  low,  but  when  the  curvature  of  the  surface  is 
continuous  and  t;entl(!,  the  conductor  must  be  raised  to  a  high  |>ot(.'iiti;il 
before  any  discharge  to  air  begins  to  take  place. 

Tlius  in  Thomson's  porta])le  electronit't<.M',  in  whicJi  there  art*  two 
disks  placed  parallel  to  each  other  at  dilFei-ent  potentials,  tlie  jK^i-ceiuafff* 
loss  of  electricity  from  day  to  day  is  very  small,  and  seems  to  de|K'ii'>l 
principally  on  the  i-olid  insulators,  for  when  the  disks  are  plm.'Oil  vtry 
near  each  other,  less  loss  is  observed  than  when  they  are  further  ap:irl, 
tliough  the  intensity  of  the  force  urging  the  electricity  through  th«' 
intervening  stratum  of  air  is  greater  the  nearer  the  disks  ai-e  to  each 
other. 

*  M.  K.  Nalirwold  (Wiedemann's  Annalen  v.  (1878)  p.  440)  finds  that  the  dis- 
cliarj^o  from  a  Kharp  point  communicates  a  cburgo  to  dusty  air  which  can  l>c 
detected  iu  the  air  for  some  time  afterwards.  This  does  not  occur  in  air  fret-  frem 
dust.  But  the  dischar^^e  from  an  incandescent  platinum  wire  communicates  a 
lasting  charge  even  to  air  free  from  dost. 


DISTRIBUTION   ON   . 


On  the  sur/ace  d'm»ily  of  chctru-ity  tttar  the  vertex  of  a  cone. 

Green  ]iaa  given  in  a  note  to  hia  Essay,  section  (12),  the  following 
results  of  km  inveetigation  wbiuli,  so  far  aa  I  am  awm-e,  he  never  pub- 

"  Since  tbis  was  written,  I  have  oLtained  foimulffi  serving  to  express, 
snerally,  tbe  law  of  the  distribution  of  the  electric  fluid  near  the  apex  0 
e,  which  forma  part  of  a  conducting  surface  of  revolution  Laving 
e  axis.  From  these  formulie  it  results  that,  when  the  apex  rf 
5  in  directed  inwards,  the  density  of  the  fluid  at  any  point  p, 
it,  is  projiortional  to  /""';  r  being  the  diatancu  Oj>,  and  the 
Mtient  n  very  nearly  such  as  would  aatisty  the  simple  equation 

S  is  the  angle  at  the  enniuiit  of  the  cone, 

2^  exceeds  tt,  this  sununit  is  directed  outwards,  and  when  the 
1  is  not  very  conBiderable,  m  will  he  given  as  above ;  but  2^  stilt 
sing,  nntil  it  heeomes  2B--2y,  the  angle  2y  at  the  summit  of  the 
which  ia  now  direytud  outwards,  being  very  small,  n  will  be  given 

2.(log--l, 
7 

B«iid  ill  case  the  conducting  botly  is  »  sphere  whose  radius  is  6,  on  wliicli 
1  ,f  represents  the  mean  density  of  the  electric  fluid ;  p,  the  value  of  tiie 
^density  near  the  ajiex  0,  will  be  determined  by  the  formnla 

2Pbn 


2Pbn     /r\'-' 
B  bdng  the  length  of  the  cone. 


Prof(«Bor  F.  G.  Mehler*  of  Elhing  has  investigated  the  distribution 
t  electricity  on  a  cone  under  the  influence  of  a  chargwl  point  on  tliv 
!,  and  the  inverse  problen)  of  tlie  distribution  on  a  spindle  foimcd  by 
e  revolution  of  the  segment  of  a  circle  about  its  chord. 

He  finds  tliat  when  tUe  segment  ia  a  very  small  portion  of  the  circle, 
I  that  the  conical  points  of  the  spindle  are  very  acute,  the  aurface- 
"■  at  any  point  ia  inversely  proportional  to  the  product  of  the 
tunces  of  that  point  irom  the  two  conical  points, 
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Hence  the  electromutive  force  required  to  produce  a  spark  between 
convex  surfaces,  as  in  Lane'a  electrometer,  is  leas  tlian  if  tlie  surfaces 
had  been  plane  and  at  the  same  distance. 

Wlien  the  air-space  is  large,  the  path  of  the  sparks,  and  therefore 
the  electromotive  force  I'equired  to  produce  tbeni,  is  exceedingly  irre- 
gular. The  accoDipanying  figrire  is  from  a  photograph  of  a  succession 
of  sparks  taken  between  the  same  electrodes  from  four  Leyden  jars 
charged  by  Uultz's  machiae. 

A  portion  of  the  path  near  the  positive  electrode  is  nearly  ati-sight, 
there  is  then  a  sharp  turn,  which,  in  all  the  sparks  represented,  is  in  the 
same  direction.  Beyoud  this  the  course  of  the  spark  in  very  irre- 
gular, although  its  general  direction  is  deflected  towards  the  same  side 
u  the  first  sharp  turn. 


*  A  ccnnilar  disk  may  be  considered  as  an  ellijMoid,  two  of  whose 
«es  are  ^iial,  while  the  third  is  zero,  and  we  may  a])ply  the  method 
:f  eUipsoid&l  co-ordinates  to  the  calculation  of  the  potential*.  In  the 
^^^^^^^         •  See  Feners'  Spherieal  IlaTBiaairi,  p.  13S. 
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■LusL  X  r  :&  zjo:  nwnmiT^  n:  aii-  wnm  ^vml  aie  fwamp  of  the  disk,  ftni  f 


<5) 
f'=*'.l-^V.'-U  (4) 

•if  at  cfiecineiKT  cm  tfe  diik  is  a  limetionof 

^^r.-r.-fc,  (5) 

*     J«A.'A  («) 

ijit*  J^     if  ilr*  jcciil  isftfibcvif  d  cnlcr  fa.     Onhr  ercn  orders  are  ^ 

I-  --.?:_:.•-.  :'  -r  rnz.-^  T"r-*rj  -el-rEifet*  cc  ti.*?  disk  c*;-iT«sponds  to  two  values 
:•:  ^  1 -jl.-tT'.  :l1  j  --."^  '""  ''^  crc»-«iti?  signs,  a  term  in  vol  ring  aa 
i_L-'-^.i--    if   •Li  i-rirrr  ir .ili  zi'vt  liir  *arfKe-JensiiT  everywhere  zero. 

Ti-  T'lVi.'Lii.l  i--i<r,3  fr:  n  ili^  •i:<trrt»ction  at  anr  point  whose  ellip- 

is  r^r.-r-ic.-r..  (7i 

I-  t'.is  rxi  res^rJon  0.  -ii  «i?:notes  a  series,  the  terms  of  wLioh  htp 
n'lFi-ericillv  er-iii'-v  to  tL«.'>^of  V.  <i »  the  zonal  harmonic  of  the  secona 
kir.d.  I'-.it  with  the  Mrc»:-nd  and  all  even  terms  negative.  If  we  jhi^ 
I  for  ^  -  1,  we  mdv  write 


__1J.3_2„    ^.,,^,     3.4.5...(2;i  +  2)^_^,,, 


A'c.    (1' 


1.3.5  4/1*1  3.5.7     (4/1  +  3) 

Tliis  exprvssion  is  an  infinite  series,  the  terms  of  which  inereas'   ' 
without  limit  when  v  is  diminished  without  limit. 
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It  may,  however,  be  expressed  in  the  finite  form* 

where  ^..  (")  =  i^..  W  tan- (1)  -  <? J.).  (H) 

^'..-  =  (-)"^..(H  (12) 

that  is  to  say  P\„(v)  is  a  zonal  harmonic  of  the  first  kind  with  all  its 
terms  positive,  and  Z^^  (v)  is  a  rational  and  integral  function  of  v  of  2n  - 1 

degrees,  which  is  such  as  to  cancel  all  the  terms  of  -?',,( v)  tan"'  f-j 

which  do  not  vanish  when  v  becomes  infinite. 

The  expression  (11)  is  applicable  to  small  as  well  as  great  values 
of  V,     Thus  we  find  when  v  is  0,  as  it  is  at  the  surface  of  the  disk, 

The  potential  at  any  point  of  the  disk  is  therefore  the  sum  of  a 
series  of  terms,  the  genei*al  foi-m  of  which  is 

On  the  axis,  /jl  =  1  and  av  =  z,  and  the  potential  is  the  sum  of  a 
series  of  terms,  the  general  form  of  which  is 

Since  we  have  to  determine  the  value  of  the  potential  arising  from 
the  first  disk  at  a  point  in  the  second  disk  for  which  «  =  c  at  a  distance 
r  from  the  axis,  and  if  we  write 

r'  =  6'(l-i,'),  (16) 

-where  b  is  the  radius  of  the  second  disk,  and  p  ia  sl  quantity  correspond- 
ing to  fi  in  the  first  disk,  then  the  most  convenient  expression  for  the 
potential  due  to  the  first  disk  at  a  point  (p)  in  the  second,  is 

where  U  denotes  the  value  of  the  potential  at  the  axis,  and  where,  after 
the  differentiations,  va  is  to  be  made  equal  to  c. 

To  investigate  the  mutual  action  of  the  two  disks,  let  us  assume 
that  the  surface-density  on  the  second  disk  is  the  sum  of  a  number  of 
terms  of  which  the  general  form  is 

*  See  Heine,  Handbuch  der  Kugelfunetionen,  §  28,  20. 
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Tlie  potential  at  the  sarfaoe  of  the  second  disk  arinng  from  tliis 
distribution  will  be  the  sum  of  a  series  of  terms  of  the  form 

The  potential  arising  from  the  presence  of  the  first  disk  is  given  in 
equation  (17). 

Having  thus  expressed  the  most  general  sTmmetrical  distribnticm 
of  electricity  on  the  two  disks  and  the  potentials  thence  arising,  ve    ) 
ai*e  able  to  calculate  the.  potential  energy  of  the  sybtem  in  terms  of   ' 
the  squares  and  products  of  the  two  sets  of  coefficients  A  and  B, 

If  W  denotes  the  potential  eneigy^ 

W^^jj,rrds,  (20) 

when  the  integration  is  to  be  extended  over  every   element  of  siu> 
face  ch. 

Confining  our  attention  to  the  second  disk,  the  part  of  W  thence 
arising  is 

frb'  CaVpdp,  (21) 

and  the  pai-t  arising  from  the  term  in  the  density  whose  coefficient 


is  £,^  is 


iKfvF^{p)^p.  (22) 


The  part  of  the  value  of  V  which  arises  from  the  electricity  on  the 
second  disk  itself  is  the  sum  of  a  series  of  terms  of  the  form  (19).     The     ^ 
siirface-integi-al  of  the  product  of  any  two  of  these  of  different  orders  is 
zero,  so  that  iu  finding  the  potential  energy  of  the  disk  on  itself  we 
have  to  deal  only  with  terms  of  the  form 

^1     (2n  \y         1 
"•4  6  2*-(nl)*  4n+l'  ^^^ 

The  energy  arising  from  the  mutual  action  of  the  disks  consists  of 
terms  whose  coefficients  are  pix)ducts  of  ^'s  and  ^'s,  and  in  caloulating 
these  we  meet  with  the  integral* 


/. 


(1  -pyP   (p) dpA-ir   —  rn^n\m\m}2n\_ 


We  have,  therefore,  for  the  harmonic  of  order  zera 
Surface-density  on  the  first  disk,  cr^  =  - — ,  - ,  where  A  is  the  charge 


of  the  first  disk. 

*  I  am  indebted  for  the  general  value  of  this  integral  to  Mr  W, 


.  I^.  Niveii,  d   ^ 
Trinity  College. 
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IT    1 

Potential  at  the  surface  of  the  first  disk  F„  =  ^  -A. 

"     2  a 

Potential  at  the  surface  of  the  second  disk,  arising  from  this  distri- 
bution of  electricity  on  the  first, 

-  &c. 
Potential  at  the  surface  of  first  disk, 

JT   1         1 

Potential  at  the  surface  of  the  second  disk, 

IT  _  i  i«'  r  2  4     a'       6     a*.-] 

,    1  a'b' {I -p')r 2.4:     4.6  o*     ,    I 

^j     A  .        1      r35    ,      30    ,      31 

Order  4.  ,r.  =  ^,  __  [^_^  _  _^  +  _J  . 

Potential  at  first  disk, 

-^  _  TT    .   IV  3*  [35    4      30    ,      31 

Potential  at  second  disk, 

_       .   1.3  a*  r    2.4  4.6      a'  1 

^'"^^'  274  ?  L5T7T9  "  7.9.11  ?  "■  ^''•J 

1.3a^6»(l-;.»)r2.4.6^       1 
"^274~2V         [7.9"  J' 

and  so  on. 

We  have  next  to   calculate  the  energy  arising  from  this  distri- 
bution on  the  first  disk,  together  with  a  corresponding  distribution 


3Ue  saic  11. 


<iL  iLe  sMciMi  £i^  t&ie  u<  fc  M  nil  oC  tlie  limniMjiiicB  for  the  second 


Ii  in.  ftmsBsc  civ^Tte  fmrv^  tke  potential  eoergy  of  the  first  dbk  on 
risvil.  re  ib^  £rES  msa  simis^  en  «ack  other,  and  ai  the  seoond  on  itselt 


T^  ir^  pftTS  wEH  xxLTtdTe  onlj  terms  having  fat  ooefficients  the 
j**!!^  :c  ihn-  ecaflfiafsiv  Jl.  for  those  inTolring  products  of  harmonics 
c  IzSiC'tsJi  zc^an  'viH  ^waiih  on  intt^gistioo. 


rf  liiri  pftzi  wiIL  £ar  the  same  reaaoo,  involve  onlv  squares  of 


Ti9e  jvixizii  pfcTt  viH  involve  aD  prodnctB  of  the  form  AB. 
Ffrj.-cTT^X  i2ie  izLVcraSMks.  potting  «  «  cr  and  b  =  cy^ 


""44       •  -4  ±«.5       •  #  4:r 
-     r  4*^*T4  F75^^-  64? 

-  :«*     '      ,    .  ,    ^-^"^  i    o  -  •    '^-''^-"^  •  2.3.5.7  .  ,  , 


1  .  O 


V  -    — .  -      «--—-%.— ^x-»- *  V  +  •>  V 


-  .^  X  -  t^^  xy  -  4 .  ar'y'  +  4/  -  ic] 

*    •     .*      o     > .  .   -  11*  J 

.  r"       '      't     '^"^  _f     -   f      2.3,5.1     .      4.5.7    ,  ,     />-*,- 

^••\-  ?.rv:-'-  H  ■^-'^'  -  11.13'  —ir-^^*''^-^"- 

-'•.•      1 
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In  this  expression  for  the  energy  of  the  system  the  coefficients  ^„  A^, 
J?a,  B^  are  treated  as  independent  of  A  and  B,  To  determine  the 
nearest  approach  to  equilibrium  which  can  be  obtained  from  a  distribur 
tion  defined  by  this  limited  number  of  harmonics,  we  must  make  W 
a  minimum  with  respect  to  -4„  ^„  A^  and  B  . 

We  thus  find  for  the  values  of  these  coefficients 
4      2' 

+  ^  ^  3?75 'B'y' [1  -  &c.] 


A.=-B 


2      2'       .,,     3.5    .     ,  .     ,    ,      .4       2* 


*     --OT7^ti-i-r«'-v+<fec.]+^^3iX7^^- 


^■=-^-3:lr7^[^-^^-'iT^^^l-^^?3-lr7'«'y' 


*  ir 


We  are  now  able  to  express  the  energy  in  the  form 

where  A  and  B  are  the  charges,  and  ^„,  p„,  and  ^^  are  the  coefficients 
of  potential,  the  ralae  of  which  we  now  find  to  be 

«■      1     2»    b\  a'     12  6*     ,„a*     ,„a'6'     2.3.13  6*     .    , 

w      1     2'     a'ri     12  o*     ,V     3.3.13  a«     ..aV     ,^b*     ^v 


Note  12,  Art.  151. 
On  the  electrical  capacity/  of  a  long  narrow  cylinder. 

The  problem  of  the  distribution  of  electricity  on  a  finite  cylinder  is 
still,  so  far  as  I  know,  in  the  state  in  which  it  was  left  by  Cavendish. 
It  is  sometimes  assumed  that  the  electric  properties  of  a  long  narrow 
cylinder  may  be  represented,  to  a  sufficient  degree  of  approximation,  by 
those  of  the  eUipsoid  inscribed  in  the  cylinder.     The  electrical  capacity 
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of  the  cylinder  mast  be  greater  than  that  of  the  elli|i8oidy  because 
the  electric  capacity  of  any  figure  ia  greater  than  that  of  any  part  of 
that  figure. 

It  is  easier  to  state  the  conditions  of  the  problem  than  to  obtaiQ  an 
exact  solution. 

Let  21  be  the  length  of  the  cylinder,  and  let  5  be  its  radiua 

Let  the  axis  of  the  cylinder  be  the  axis  of  x,  and  lot  the  origin  be 
taken  at  the  middle  point  of  the  axis.  Let  y  be  the  distance  of  any 
I>oint  from  the  axis. 

Let  Xdx  be  the  quantity  of  electricity  on  that  port  of  the  cnrved 
surface  of  the  cylinder  for  which  x  is  between  x  and  x  +  dx;  we  mar 
call  X  the  linear  density  of  the  electricity  on  the  cylinder. 

Let  or  be  the  surface-density  on  the  flat  ends. 

Let  ^  be  the  potential  at  a  point  on  the  axis  for  which  x=$. 

+  J^*2TCTy[(^+f)«  +  y']-irfy,  (1) 

the  first  integral  representing  the  part  of  the  potential  due  to  the  curved 
surface,  and  the  other  two  the  parts  due  to  the  positiYe  and  the  negative 
flat  ends  respectively. 

The  condition  of  equilibrium  of  the  electricity  is  that  ^'must  be 
constant  for  all  points  within  the  cylinder,  and  therefore  for  all  points 
on  the  axis  between  the  two  ends. 

1^>  ^y  gi^wg  proper  values  to  X  and  cr,  we  can  make  the  value  of  il' 
constant  for  any  finite  length  along  the  axis,  then,  by  Art.  144  of 
**  Electricity  and  Magnetism,''  i/r  will  be  constant  for  all  points  within 
the  surface  of  the  cylinder. 

It  was  shown  in  Note  2  that  the  distribution  of  electricity  in  equi- 
librium on  a  straight  line  without  breadth  is  a  uniform  one.  We  may 
expect,  therefore,  that  the  distribution  on  a  cylinder  will  approximate 
to  uniformity  as  the  radius  of  the  cylinder  diminishes. 

If  we  suppose  k  and  cr  to  be  each  of  them  constant, 

^  =  X  log  (A±lz^^l^±ili)  ^  2.. (/.  V. -  20.  f?) 

where  J\  and  /^  are  the  distances  of  the  point  (()  on  the  axis  from  the 
edges  of  the  curved  surface  at  the  +  and  -  ends  of  the  cylinder  respect- 
ively. 

Just  within  the  positive  flat  end  of  the  cylinder,  where  £  is  just 
»8  than  4 
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If  the  electricity  were  in  equilibrium,  this  would  be  zero,  and  if  the 
cylinder  is  so  long  that  we  may  neglect  the  reciprocal  of/*,,  we  find 

X  =  2ir5<r,  (4) 

or  the  surface-density  on  the  end  must  be  equal  to  the  surface-density  on 
the  curved  surface. 

The  whole  charge  is  therefore 

£  =  k{2Ub).  (5) 

The  greatest  value  of  the  potential  is  at  the  middle  of  the  axis,  where 
f  =  0.     Calling  it  ijf^  and  puttiug/=  l, 

^,„  =  X  (2  log  i^  ^)  .  (6) 

The  potential  at  the  end  of,  the  axis  is 

i'm  =  ^  (log  f  + 1)  •  (7) 

The  potential  at  the  canred  edge  is  approximately 

^,.,  =  x(logf+|).  (8) 

This  ia  the  smallest  value  of  the  potential  for  any  point  of  the 
cylinder. 

The  capacity  of  the  cylinder  cannot  therefore  be  less  than 


21og^+^ 


nor  greater  than 


E         2Ub 


Cavendish  does  not  take  into  account  the  flat  ends  of  the  cylinder, 
but  in  other  respects  these  limits  are  the  same  as  those  between  which 
he  shows  that  the  capacity  must  lia  The  approximation,  however,  is  by 
no  means  a  close  one,  for  when  the  cylinder  is  very  narrow  the  upper 
limit  is  nearly  double  the  lower.  Indeed  Cavendish,  in  Arts.  479, 
682,  has  recourse  to  experiment  to  determine  the  best  form  of  the 
logarithmic  expression. 

We  may  obtain  a  much  closer  approximation  by  the  following  method, 
which  is  applicable  to  many  cases  in  which  we  cannot  obtain  a  complete 
solution. 

Let  W  be  the  potential  energy  of  any  arbitrary  distribution  of  elec- 
tricity on  a  body  of  any  form 

)r=is(«^),  (11) 
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where  e  is  the  charge  of  any  element  of  the  bodj,  and  ^  the  potential  at 
that  element. 

The  charge  is 

^=2(4  (12) 

Let  us  now  suppose  the  electricity  to  become  moveable  and  to  dis- 
tribute itself  so  as  to  be  in  equilibrium.  The  potential  will  then  be 
uniform.  Let  its  value  be  ij/^  and  since  the  charge  remains  the  same  the 
potential  energy  of  the  electrification  in  the  state  of  equilibrium  will  be 

K=hfo^'  (13) 

If  iT,  is  the  capacity  of  the  conductor, 

J^"Jf.^„  (H) 

and  K'hw  (15) 

Since  W,  the  potential  energy  due  to  any  arbitrary  distribution  of 
the  charge,  may  be  greater,  but  cannot  be  less  than  W^  the  eneigy  of 
the  same  charge  when  in  equilibrium,  the  capacity  may  be  greater,  but 
cannot  be  less,  than 

This  inferior  limit  of  the  capacity  is  greater  than  that  derived  from 
the  maximum  value  of  the  potential,  and,  as  we  shall  see,  sometimes 
gives  a  very  close  approximation  to  the  true  capacity. 

In  the  case  of  the  cylinder,  if  we  suppose  X  to  be  uniform,  and 
neglect  the  electrification  of  the  flat  ends 

^=2XZ,  ir=2\'/Aogi^-lV  (17) 

log^'-l 

When  the  length  of  the  cylinder  is  more  than  100  times  the  diameter 
this  value  of  the  capacity  is  sufficiently  exact  for  all  practical  purposes. 
The  capacity  of  the  inscribed  ellipsoid  is 

I 
log-g- 

To  obtain  a  closer  approximation  let  us  suppose  that  the  linear 
density  X  is  expressed  in  the  foim  X^,  +  A.^  +  &c.  +  X,,  the  general  term 
being 

X.  =  J_7'0),  (19) 


n      N 


ere  P,  is  the  zonal  harmonic  of  order  n. 
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If  we  consider  a  line  of  length  21  on  which  there  is  a  distribution  of 
electricity  according  to  this  law.  and  if  y,  and^  are  the  distances  of  a 
given  point  from  the  ends  of  the  line,  and  if  we  write 


h 


I 


^=h-^/' 


(20) 


then  the  potential,  i/^.,  at  the  given  point  (a,  )9),  due  to  the  distribution 

^.=^.<2,(a)i'.(i8),  (21) 

where  P^  is  the  san^e  zonal  harmonic  as  in  equation  (19),  and  Q^  is  the 
corresponding  zonal  harmonic  of  the  second  kiud^,  and  is  of  the  form 


«.(-)  =  i'.W  log  1^  I +^.a, 


(22) 


where  E^  (a)  is  a  rational  function  of  a  of  n  -  1  degrees,  and  is  such  that 
^^(a)  vanishes  when  a  is  infinite.  The  values  of  the  first  four  har- 
monics of  the  second  kind  are 


CoW  =  log 


+  1 


a-1' 


(?,(a)  =  alog^-2, 

e.W  =  (K-J)log^}-3a, 

e.W-(K-|a)log^-5a'-f^, 


«.W  =  (-V<**-V<*"  +  f)iog 


+  1 


-1 


T   ^    +  TJ  ^- 


(23) 


(24) 


In  applying  these  results  to  the  determination  of  the  potential  at 
any  point  of  the  axis  of  the  cylinder  we  must  remember  that  a  point 
on  the  axis  is  at  the  distance  b  from  any  one  of  the  generating  lines  of 
the  cylinder,  and  therefore  the  potential  at  any  point  on  the  axis  is  the 
same  as  if  the  whole  charge  had  been  collected  on  one  genei'ating  line. 

Hence  at  the  point  on  the  axis  for  which  x  =  (,  if  we  write 

L==\og^^ —  +  ^^o        6 — ' 
the  potential  due  to  the  distribution  whose  linear  density  is 

approximately,  provided  (  is  between  ±  I. 

*  See  Ferrers*  Spherical  Hamwnies,  chap.  v. 
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XIiv,  if 


then 


*«  ~  ^«  ^  »   f        T    ji  +  5  J  »  J 

^.=j.(i?-i5)(^-y). 


vx 


(27) 


(2?) 


Titese  Tallies  of  the  potential  are  calcnlated  toe  the  axis  oi  th« 
cjlinder.  The  potential  at  the  cnrred  soi&oe  may  be  fuand  from  that 
at  the  axis  hv  remembering  that  within  the  cylinder  v*^=0.  At  a 
iii»buic«  b  from  the  axis  the  potential  is  therefore 


where  the  values  of  C^  and  its  derivaUves  are  those  at  the  axi& 
For  a  aniform  dibtribation 


(29) 


(30) 


2A  i 

which    is   apprvximatelr  — j^   when   f=0,   and  -'^,  when  f=i*/. 

l{enot\  when  the  length  of  the  cylinder  i«  many  times  its  diameter,  the 
l^^tciitinl  Ht  the  axis  mav  be  taken  for  that  at  the  surface  in  a[>proxi- 
m.itions  of  the  kiud  here  made. 

We  have  uext  to  find  the  integral  of  the  prodoct  of  the  density  into 
the  {x^tential.  We  may  consider  the  product  of  each  pair  of  terms  by 
its^^lf.     If  we  write  Ji  for  the  value  of  L  when  f  =  /,  or  approximately 


t  =  l^ 


4/ 


approximately 

(31) 
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To  indicate  tbe  degree  of  approximation,  the  value  of  S  and  of  the 
successive  terms  of  the  denominator  are  given  below. 

Denominator  of  (34)  and  (35) 

1*  term.      2^  term.      S^.  term. 

2-68888-0.43151 

3-38203 -013680 

3-78749  -  0-09775 

4-29832-0-07191 

4-99146  -  005291  -  013566 

7-29405  -  002818  -  0-00892 

Tbe  observed  capacities  of  Cavendish's  cylinders  may  be  deduced 
from  tbe  numbers  given  in  Art  281  by  taking  the  capacity  of  the  globe 
of  12*1  inches  diameter  equal  to  6-05,  and  their  capacities  as  calcakted 
by  the  formula  of  this  note  are  given  in  the  following  table. 

Length.  Diameter.        Capacity  by  formula,  ^cT^^^^ 

72  -185  5-668  5-669 

54-2  -73  5-775  5754 

35-9  2-53  5-907  6  044 

The  agreement  of  the  calculated  and  measured  values  is  remarkable. 


I 

b' 

8. 

10 

3-68888 

20 

4-38203 

30 

4-78749 

50 

5-29832 

100 

5-99146 

1000 

8-29405 

Note  13,  Arts.  152,  280. 

Two  cylinders, 

lu  the  case  of  two  equal  and  parallel  cyliudei-s  at  distance  r,  the 
linear  densities  being  uniform  and  equal  to  A,  and  X^,   the  part  of  tbe     ' 
potential  energy  arising  from  their  mutual  action  is 

I  )\4~,.Lc  =  /V.rfx  =  A,X.  (4nog  !1±-^  _  2r)  , 

where  r*  ^  4^  +  c\ 

If  the  two  cylinders  are  in  electric  communication  with  each  other 
\  =  X^,  and  the  Ciijvacity  of  the  two  cylinders  together  is  approsdmately 

2/ 

,       4/      ,      ,      r  +  2/      r-  c' 
log   ^^-l  +  log-^   --— ^- 

If  a  oylinder  is  placed  at  a  distance  d  from  a  conducting  plane  sur- 
i'400  and  Jvwrallel  to  it,  then  the  electric  image  of  the  cylinder  will  be 
it  4  distance  c  =  2«^  and  its  charge  will  be  negative,  so  that  the  caj»city 


TWO   WIRES. 


r  tho  eyliuiJer  ■will  bo  inci'eaaod.     The 
seuce  uf  a  conducting  plane  at  iliHtancu 


cnpncity  of   tlie  cylinder  ia 


log  ^-1-log  - 


21 


Thus  in  Cavendish's  experiment  he  lucd  a  brass  wire  72  inches 
{  oaA  0'185  in  diameter.  The  cai>acity  of  this  wire  at  a  grral  dis- 
(  froDi  any  other  body  would  be  5-6fi8  inches.  Cavendish  placed  it 
mtally  50  inches  froin  the  floor.  The  iuductivo  action  of  the  fioor 
ipoM  increase  its  capacity  to  5-9^4  inches;  Cuvendiah,  by  comparison 
ntli  his  globe,  makes  it  5-841. 

To  compare  with  this  he  had  two  wireu  each  3(i  inches  long  and 
p^l  iooh  diameler. 

!  of  theao  at  a  distance  from  any  other  body 
or  the  two  together  would  be  5*73!H  inches. 
The  two  wires  were  placed  paiitUcl  and  horizontal  at  50  inches  from 
Hie  Soor.     Each  wire  was  therefore  influenced  by  the  other  v 
0  by  the  negative  Images  of  itself  and  the  other  wire. 

The  denominator  of  the  fraction  expressing  the  capacity  is  therefore 


Other 


36 


Wire         OLhet  Own 

itfelf.         wire.  imaRe. 

G-2724  +  9-8236  -  0-1759  -  0-1754  =  6-74-67 
6-3724  -t-  0-l!596  -  0-1759  -  0-1733  =  6-5S28 
6-2724  +  0-4672  -  0-1759  -  0-1C78  =  6-3955 


The  numerator  of  the  fraction  which  expresses  the  capacity  of  both 
s  together  is  36,  bo  that  the  capacity  of  tho  two  \a 

From  Csveu it i all's 


At  IS  inches 


Wire  of  72  iuches 


5-334 
5-46D 

5-629 


Note  14,  Art.  155, 
Lemma  XVI. 
If  we  su])pnse  the  phite  AB  to  be  overcharged 
I  eqoally  undercharged,  tho  redundant  fluid  in 
ing    numerically   equal    to  the  dehcient   fluid  i 
fteetnent  of  DF,  then  what  Cavendish  calls  the  repulsion  on  the  cohii 
I^A*  in  opposite  directions  becomes  in  modem  language  the  excess  of  the 
lot«Dtinl  at  C  over  that  at  E.     Hence  the  object  of  the  Lemma  is  to 
leieriDine  njiproximalely  the  difTci-ence  of  the  ])ot«iitials  of  two  ourvetl 
^tes  when  their  rqiiul  and  opposite  chai-gee  are  given,  and  to  deduce 
r  charges  when  tJio  difference  of  their  potentials  is  given. 
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Note  15,  Art.  169. 

On  the  Theory  of  Dielectrics. 

Cavendish  explains  the  fact  discovered  by  him,  that  the  char«! 
of  a  coated  glass  plate  is  much  greater  than  that  of  a  plate  of  air  of  tL 
same  dimensions,  by  supposing  that  in  certain  portions  of  the  gitf 
the  electric  fluid  is  free  to  move,  while  in  the  rest  of  the  gbfis  it  a 
fixed. 

Probably  for  the  sake  of  being  able  to  apply  his  matbemab'al 
theorems,  he  takes  the  case  in  which  the  conducting  parts  of  the  <te 
are  in  the  form  of  strata  parallel  to  the  surfaces  of  the  glass.  He  is 
perfectly  aware  that  this  is  not  a  true  physical  theory,  for  if  suck 
conducting  strata  existed  in  a  plate  of  glass,  they  would  make  it  a  good 
conductor  for  an  electric  current  parallel  to  its  surfaces.  As  this  is  not 
the  case,  Cavendish  is  obliged  to  stipulate,  as  in  this  proposition,  thai 
the  conducting  strata  conduct  freely  perpendicularly  to  their  suAoa, 
but  do  not  conduct  in  directions  parallel  to  their  surfaces. 

The  idea  of  some  |)eculiar  structure  in  plates  of  glass  was  not  pecih 
liar  to  Cavendish.  Franklin  had  shewn  that  the  surface  of  glass  pkttt 
could  be  charged  with  a  large  quantity  of  electricity,  and  therefore  sup- 
posed that  the  electric  fluid  was  able  to  penetrate  to  a  certain  depik 
into  the  glass,  though  it  was  not  able  to  get  through  to  the  other  side, 
or  to  effect  a  junction  with  the  negative  charge  on  the  other  side  of 
the  plate. 

The  most  obvious  explanation  of  this  was  by  supposing  that  there 
was  a  stratum  of  a  certain  tliickuess  on  each  side  of  the  plate  into  which 
electricity  can  penetmte,  but  that  in  the  middle  of  the  plate  there 
was  a  stratum  impervious  to  electricity.  Franklin  endeavoured  to 
test  this  hypothesis  by  grinding  away  five-sixths  of  the  thickness  of 
the  glass  from  the  side  of  one  of  his  vials,  but  he  found  that  the 
remaining  sixth  was  just  as  impervious  to  electricity  as  the  rest  of 
the  glass*. 

It  was  probably  for  reasons  of  this  kind,  as  well  as  to  ensure  tlist 
his  thin  plates  were  of  the  same  material  as  his  thick  ones,  that  Given-  ' 
dish  prepared  his  thin  plate  of  crown  glass  by  grinding  equal  portions  off 
both  sides  of  a  thicker  plate.     [Art.  378.] 

It  appears,  however,  from  the  experiments,  that  the  projwrtion  of  * 
the  thickness  of  the  conducting  to  the  non-conducting  strata  is  the 
same  for  the  thin  ])lates  as  the  thick  ones,  so  that  the  operation  of 
ijrinding  must  have  removed  non-conducting  portions  as  well  as  con-  . 
tluoting  ones,  and  we  cannot  suppose  the  plate  to  consist  of  one 
m,n-conducting  stratum  with  a  conducting  stratum  on  each  side,  but 
must  8Ui)pose  that  the  conducting  portions  of  the  glass  are  very  small 
but  BO  numerous  that  they  form   a  considerable  part   of   the  whole 

•  Franklin's  Works,  2nd  Edition,  Vol.  i.  p.  301,  Letter  to  Dr  Lining,  March  1?. 
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B  of  the  glass.     If  we  suppose  the  conUyctiag  portions  to  bo  of 

pjl  dimeoflions  in  every  direction,  and  to  he  completely  eepftrateil 

L  each  other  by  non-conductuig  nifttter,  we  can  explnin  tlje  jilie- 

a,  without  introducing  the  poB^hility  of  conduction  through  finite 

laofglaaa. 

■It  was  probably  because  Cavendish  had  made  out  the  mathematical 
y  of  stratified  condensers,  but  did  not  see  his  way  to  a.  complete 
Jhematical  theory  of  insulating  media,  in  which  small  conducting 
Jtions  are  disseminated,  that  he  here  espounds  tlio  theory  of  strata 
pch  coiidiict  electncity  perpendicularly  to  tlieir  surfaces  but  not 
"  illel  to  thein. 

Jn  forming  a  theory  of  the  magnetization  of  iron,  Poisson  waa  led  to 
e  hypothesis  that  the  magnetic  fluids  are  free  to  move  withiik' certain 
U  portions  of  the  irun,  which  he  calls  magnetic  moleciitt;!!,  but  that 
'  cannot  jniss  from  one  molecule  to  another,  and  he  calculat<.-B 
)  result  on  the  supposition  that  these  molecules  are  spherical,  and 
bt  their  distances  from  each  other  are  large   compared  with  their 

1  Faraday  had  afterwards  rediscovered  the  properties  of  die- 

bics,  Mossotti,  noticing  the  analogy  between  these  pi'operties  and 

'  a  of  magnetic  substances,  constructed  a  mathematical  theory  of  die- 

!,  by  takiug  Foisson's  momoirand  substituting  electrical  terms  for 

paetic,  and  Italian  for  French,  throughout. 

L  tlieoty  of  this  kind  is  capable  of  accounting  for  the  apeoi£c  in- 
Itive  capacity  being  greater  than  unity,  without  introducing  eon- 
|tivity  through  portions  of  the  substance  of  sensible  size. 
Another  phenomenon  which  we  have  to  account  for  ia  that  of  the 
Bidual  charge  of  condensei-a,  and  what  Faraday  called  electitc  ab- 
8ori>tion.  The  only  notice  which  Cavendish  has  left  us  of  a  [iheno- 
menon  of  this  kind  is  that  recorded  in  Arts.  523,  523,  in  which  it 
«pl>eared  "  that  a  Florence  flask  contained  more  electricity  when  it 
ooiitinuvd  charged  a  good  wliile  than  when  charged  and  discharged 
immediately." 

To  illustrate  this  phenomenon,  I  gave  in  "Electricity  and  Mag- 
ttiam,"  Art.  328,  a  theory  of  a  dielectric  composed  of  stiiita  of  different 
electric  and  conducting  properties, 

■  Professor  Kowland  has  since  shown*  that  phenomena  of  the  same 
be  observed  if  the  medium  consisted  of  small  portions  of 
!ut  kinds  well  mingled  together,  though  the  individual  [lortions 
r  be  tjw  small  to  be  observed  separately. 
'  It  follows  from  tbu  property  of  electric  absorption  that  in  experi- 
lOts  to  determuie  the  s[>ecific  inductive  cn|mcity  of  a  substance,  the 
alt  depends  on  the  time  during  which  the  substance  is  electrifled. 
fux  most  of  those  wlio  have  attempted  to  determine  the  value 
*    1  quantity  tor  glass  have  obtaiiied  results  so  iuconeistent  with 

*  Aiasrican  Journal  o/Slathemaiici,  No,  I.  1878,  p.  G3. 
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each  other  as  to  be  of  no  use.     It  is  absohitelj  necessary,  in  working 
with  glass,  to  perform  the  experiment  as  quickly  as  possible. 

Cavendish  does  not  give  the  exact  duration  of  one  of  his  "  trials,' 
but  each  trial  probably  took  less  than  two  or  three  seconds.  His 
results  are  therefore  comparable  with  those  recently  obtained  by  Hop- 
kinson*^,  who  effected  the  different  operations  by  hand. 

The  results  obtained  by  Qordont,  who  employed  a  break  which 
gave  1200  interruptions  per  second,  and  those  obtained  by  Schiller^ 
by  measuring  the  period  of  electric  oscillations,  which  were  at  the 
rate  of  about  14000  per  second,  are  much  smaller  than  those  obtained 
by  Cavendish  and  by  Hopkinson. 

Hopkinson  finds  that  the  quotient  of  the  specific  inductive  capacity 
divided  by  the  specific  gravity  does  not  vary  much  in  different  kinds  d 
flint  glass.  As  Cavendish  always  gives  the  specific  gravity,  I  have 
compared  his  results  with  those  of  Hopkinson  for  glass  of  corresponding 
specific  gravity. 

Electrostatic  capacity/  of  glcua. 

K  S-  £n.  ^«^-  ««a-  scbm.. 

Flint-glass 3-279      7-93 

Do.,      a  thinner  piece  3*284      7*65 

Light  flint 3-2  6-85  3-013      2*96 

Dense  flint 3-66  7*4  3054      3*66 

Double  extra-dense  flint  4*5  10*1  3*164 

Very  light  flint 2*87  6*67  583 

Plate-glass 2*8  8  6*10  643 

Crown-glass    2*53        8*6  3*108 


Note  16,  Art.  185. 

Mutual  Influence  op  two  Condensers. 

To  find  tJie  effect  on  the  capa^iti/  of  a  condenser  arising  from  th 
presence  of  another  condenser  at  a  distance  which  is  large  compared  icith 
the  dimensions  of  eith^  condenser. 

Let  A  and  B  be  the  electrodes  of  the  first  condenser,  let  Z  and  .V 
be  the  capacities  of  A  and  B  respectively,  and  M  their  coeflicient  of  ' 
mutual  induction,  then  if  the  potential  of  ^  is  1  and  that  of  Z?  is  0, 
the  charge  of  A  will  be  L  and  that  of  B  will  be  J/,  and  if  l).»th  J 
and  B  are  at  potential  1  the  charge  of  the  whole  will  be  Z  +  2.1/+3'   . 

*  Proceedings  of  the  Royal  Society,  June  14,  1877  ;  PhiL  Trans,,  1878,  Part  L. 
t  Proc.  R.  S,  Dec.  12,  1878.  ;;:  Poyg,  Ann,  152  (1874).  p.  635. 
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1  this  oannot  be  greater  thtax  half  the  greatest  diameter  of  tlie 
ideuser. 

I  Let  a  and    b  be   tlie  electrodes    of  the   second  condenBer,  let  its 
fficients  bo  I,  in,  n,  and  let  Its  distance  from  their  fii'st  condenser 

s  Grst  take  the  condenser  AB  hy  itself,  and  let  ua  suppose  that 
t  potentials  of  A  and  11  are  z  and  i/  respectively,  then  tliuir  charges 
'1  be  Lx  +  My  and  Mx  +  A'y  respectively. 

I  distance  R  from  the   condenser  the   potential  arising  from 
D  charges  will 

{Lx  +  M(x  +  y)  +  ^y}  B"  =  P, 

i  if  the  second  condenser,  whose  capacity  when  its  electrodes  are  in 

r+2m  +  7i,  is   placed  at  a  distance   Ji   from   the 
inected  to  earth,  its  charge  will  be 

-P{l+2m  +  n)  =  Q. 
This  charge  of  the  second  condenser  will  produce  a  potential  QJt~^ 
ft  dtstouce  Jt,  and  will  therefore  alter  the  potentials  of  A  and  Jl  by 
»  qnantity,  so  that  the  potentials  of  A  and  B  will  be  x+QJt'^  and 
f  QIt~'  reepectivelj. 
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In  these  expressions  we  must  remember  tbat  Af  la  a  negative 
quantity,  that  L  +  M  and  M-k-  N  can  neither  of  them  be  negative, 
and  that  their  sum  L  +  2M-k-N  cannot  be  greater  than  the  largest 
semidiameter  of  the  condenser.  Hence  if  i?  is  large  compared  with 
the  dimensions  of  the  coudensers,  the  second  term  of  the  values  of 
[A A]  and  [AB]  will  be  quite  insensible,  and  even  if  the  condensers 
are  placed  very  near  together  these  terms  will  be  small  compared  with 

Z,  i/,  or  i\r. 

If  a,  instead  of  being  part  of  a  condenser,  is  a  conductor  at  a  con- 
siderable distance  from  any  other  conductor,  we  may  put  w  =  n  =  0,  and 
if  ^  is  also  a  simple  conductor,  M=N=Oy  and  we  find 

by  which  the  capacities  and  mutual  induction  of  two  simple  con- 
ductors at  a  distance  R  can  be  calculated  when  we  know  their 
capacities  when  at  a  great  distance  from  other  conductora  See 
Note  24. 


Note  17,  Art.  194. 

Theory  of  tlie  Eocperinieiit  with  the  Trial  Plate. 

Let  A  and  B  be  the  inner,  a  and  h  the  outer  coatings  of  the 
Tieyden  jars. 

Let  C  be  the  body  tried  and  D  the  trial  plate,  M  the  wire  con- 
necting A  with  Cy  and  N  the  wire  connecting  h  with  D, 

Let  E  be  the  electrometer  with  its  connecting  wires. 

Let  the  coefficients  of  induction  be  expressed  by  pairs  of  symbols 
within  square  bi'acketa,  thus,  let  [i^A  +  C){C  +  D)]  denote  the  sum  of 
tlie  charges  of  A  and  C  when  C  and  D  are  both  raised  to  potential  1 
and  all  the  other  conductors  are  at  potential  0. 

First  Operation. — The  insides  of  the  two  jars  are  charged  to  {x>ten- 
tial  P^y  the  outsides  and  all  other  bodies  being  at  jwtential  0. 

The  charge  of  A  is  [A  (A  +  7?)]  P^,  and  that  of  b  is  [b  {A  +  B)]  P,. 

Second  Operation. — The  outside  coating  of  b  is  insulated,  the  chang- 
ing wire  is  removed,  and  the  inside  of  -5  is  connected  to  earth.  The 
charges  of  A  and  of  b  remain  as  before. 

Third  Operation. — A  is  connected  to  C  by  the  wire  J/",  and  b  is 
connected  to  D  by  the  wire  iV. 


TlfEonr  OP   CAVENDISH  S  TRIALS. 

J  Tlie  clinrge  of  A  ib  cmanitinient*^  to  J,  0,  and  M,  find  the  potential 

,  of  lliia  sysU-'Hi  is  P^ ,  and  the  cl]«i^  of  6  is  coBitnunicat^d  to  l,  J)  and 
,  If,  Mill  tJie  (■ototitiiil  of  tliia  »y§tem  U  /*,. 


=  lAiA^Ji)]P,.  (1) 

[^.i+C•-^JI){!,  +  D  +  ^')]P^^.[(b  +  jD+y){b  +  J)*■y)]Pt 

^[b{A  +  Ji)]P,.  (2) 

Foiirtli  Operation. — The  wirea  M  and  N  are  diaconnected  from 
C  und  I>  rexiMictivelf,  and  the  jura  A  and  i  are  diMcliarged  and  kept 
connected  to  earth. 

The  charges  of  C  and  D  remain  the  aame  as  before. 

Fifth  0[>enilioii. — The  bodies  C  and  D  are  connected  with  each 
tier  and  with  the  eIectroniet«r  £1,  and  the  final  potential  of  the  system 
D£  ia  observed  by  the  electrometer  to  be  P^. 

Etinating  tlie  final  charge  of  the  system  CDE  to  that  of  the  system 
")  Ht  the  end  of  the  fourth  equation, 

+  [{C-i-D){i+D-i-N)]P^.  (3) 

Eliminating  /*,  and  P,  from  eqiiationa  (1),  (2)  and  (3), 

-[(J  +  C  +  itf)(6  +  i?  +  JV")]*} 

,[A  (A  +  S)] |[(f  +  D){A  +  C* 3f)] [{b^D  +  A-)'] 
.  1  ~[(V  +  I})(b*I>  +  iY}][(A-^C  +  M){h-*-D  +  N)]) 

•U[6{-i+if)]|[(C+2>)(6  +  /)  +  .V)](;(j^r  +  j/)'] 

^  ~[{C+D){A-<-C  +  M)][(A  +  C  +  M)(b  +  D-t-2f)]\ 

By  menus  of  his  gange  electrometer,  Art  249,  Cavendieh  made  the 
a  of  P,  the  same  in  every  trial,  and  altered  the  capacity  uf  D,  the 
,  plate,  so  that  /",  in  one  trial  had  a  particular  i>oaitive  value, 
in  another  an  equal  negative  value.  He  then  vrote  down  the 
Ifference  of  the  two  values  of  Z)  as  an  indication  to  guide  him  in  the 
Sioioe  of  trial  plates,  and  tlie  Bnm  of  the  two  values,  by  means  of  which 
e  compared  the  charges  of  dilTcrent  bodies. 

Hb  tlien  substitotod  for  €  a  body,  C,  of  nearly  equal  capacity,  and 
Mtod  the  same  operations,  and  finally  deduced  the  ratio  of  f  to  C" 
a  the  equatiou 

C  :  C  ::  I>,  +  I>t  :  A'  +  ^.'- 
,      The  capacities  of  the  two  jars  were  very  much  greater  than  any  of 
Hie  othttr  capacities  or  cot-ificieuts  of  induction  in  the  experiment,  ami 
"■■-■■     '>T  —18  less  than  half  the  great«8t  dmmetet  o^  ^3&t  »E(vwa.\ 


t  these  [6  [if  +  6)]  was  less  than  h 
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jar,  and  may  therefore  be  neglected  in  respect  of  [6*]  or  [56].  "We  may 
therefore  put  [Bh]  =  -  [6*],  and  in  equation  (4)  neglect  ail  terms  except 
those  containing  the  factors  [-4*]  [6*]  or  [A*]  [-56]. 

We  thus  reduce  equation  (4)  to  the  form 

F^[{0  +  D  +  jE)']  =  P^{[{C+D){A  +  C  +  M)]-[{C'hD)(h-^D  +  N)]] 

=  A{[C*]  +  [^(^+i^)]-[C(6  +  iVr)] 

-  [/>•]  -  [/>  (6  +  ^)]  4-  [2>  (^  +  i/)]}.        (5) 

The  bodies  to  be  compared  were  either  simple  conductors,  such  as 
spheres,  disks,  squares  and  cylinders,  and  those  trial  plates  which  con- 
sisted of  two  conducting  plates  sliding  on  one  another,  or  else  coated 
plates  or  condensers. 

Now  the  coefficient  of  induction  between  a  coated  plate  and  a 
simi)le  conductor  is  much  less  than  that  between  two  simple  conducton 
of  the  same  capacity  at  the  same  distance,  and  the  coefficient  of  induc- 
tion between  two  coated  plates  is  still  smaller.     See  Note  16. 

Hence  if  both  the  bodies  tried  are  coated  plates,  the  equation  (5)  is 
reduced  to  the  form 

-p.  ([c] + [^1 + [^1) = p,  {[c]  -  [in),         (6) 

80  that  the  experiment  is  really  a  comparison  of  the  capacities  of  the 
two  bodies  C  and  D. 

But  if  either  of  them  is  a  simple  conductor,  we  must  add  to  its 
capacity  its  coefficient  of  induction  on  the  wire  and  jar  with  which  it  is 
connected,  and  subtract  from  it  its  coefficient  of  induction  on  the  other 
wire  and  jar.  These  two  coefficients  of  induction  are  both  nogativc, 
but  that  belonging  to  its  own  wire  and  jar  is  probubly  greater  than  the 
other,  so  that  the  correction  on  the  whole  is  nogativa 

llcnco  in  Cavendish's  trials  the  capacity  deduced  from  the  exj^eri- 
mont  will  be  less  for  a  simple  conductor  than  for  a  coated  plate  of 
equal  real  capacity. 

This  appears  to  bo  the  reason  why  the  capacities  of  the  plates  of  air 
when  ex])resscd  in  "  globular  inche^s,''  that  is,  when  compared  with  tbe 
capacity  of  the  globe,  are  about  a  tenth  part  gi'oater  than  their  com- 
puted values.      See  Art.  347. 

It  would  have  been  an  improvement  if  Cavendish,  instead  of  chain- 
ing the  inside  of  both  jars  positively  and  then  discharging  the  outsi«le 
of  7i,  had  charged  the  inside  of  A  and  the  outside  of  B  fi*om  the  same 
conductor,  and  then  connected  the  outside  of  both  to  earth,  usin^  th? 
inside  of  Ji  instead  of  the  outside,  to  charge  the  trial  plate  negatively. 
In  this  way  the  excess  of  the  negative  electricity  over  the  positive  in  B 
would  have  been  much  less  than  when  the  outside  was  negativa 

With  a  heterostatic  electrometer,  such  as  those  of  Bohnenberger  or 
Thomson,  in  which  opj>osite  deflections  are  produced  by  positive  and 
no 'ative  electrification,  the  determination  of  the  zero  electrification  luaj 
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made  moi-e  accurately  than  Rny  other,  and  with  such  aa  electrometer 
Id  be  H(\justed  to  zera  But  the  ouly  electrometer  which  Caven- 
BBcssed  was  the  pith  ball  electrometer,  in  which  the  repulsion 
I  the  halls  when  at  any  given  distance  depends  on  the  square 
electrification,  anil  in  which  thei-efore  the  indications  are  very 
for  low  degrees  of  electrification.  Cavendish  therefore  first  ad- 
hJs  trial  plate  bo  as  to  produce  a  given  amount  of  separation  of 
tU  bj  positive  electrification,  and  thmi  altered  the  trial  plate  so  as 
luoe  an  equal  separation  by  negative  eleotrifi cation.  In  each  case 
baa  recorde<l  a  number  expressing  the  side  of  a  square  electrically 
imlcnt  to  the  trial  plate,  together  with  the  difference  and  the  mean 
ftbe  two  values. 

ms  to  hare  adoptod  the  arithmetical  mean  as  a  measitre  of 
B  charge  of  the  body  to  be  tried.  It  is  easy  to  see,  however,  that  the 
tometrical  mean  would  be  a  more  aectirute  value.  For,  if  we  denote 
s  of  the  final  potential  of  the  trial  plate  by  accented  letters  in 
e  second  trial,  we  have 


-/*,+  P,'=0,  we  find  by  (6)  and  (7) 


(?) 


If  we  neglect  the  capacity  of  the  pith  hall  electrometer,  which  ia 
buoh  less  than  that  of  the  bodies  xiHually  tried,  this  equation  becomes 

e  capftcitr  of  the  body  tried  is  the  geometrical  mean  of  the  capacl- 
H  of  the  tiial  plate  iu  its' positive  and  negative  adjustments. 


"  T/iouy/Ug  Coiieerriing  EUetricity,"   and  on  aii  early  dnift  of 
the  Propogilwia  in  Ekatrmly. 

The  theory  of  electricity  sketched  in  the  "Thoughts"  is  evidently 
1  earlier  form  of  that  developed  in  the  published  paper  of  1771.     We 
must  therefore  coiiaider  the  "  Thoughts  "  as  the  fiiiit  recorded  form  of 
FOttVoudiah's  theory,  and  this  for  the  fullowiug  rcasous. 

(1)     Nothing  is  snid  in  the  "Thoughts"  of  the  forces  exerted  by 

^CTdinary  matter  on  itself  and  on  the  electric  fluid.     The  only  agent 

.siderod  is  the  electric  fluid  itself,  the  particles  of  wliich  are  Nup- 

sed  to  repel  each  other.     This  fluid  is  supfioaed  to  exist  in  all  bodies 

'  er  apparently  electrified  or  not,  but  when  the  quantity  of  the  flnid 

_'  hudy  is  greater  than  a  certain  value,  called  tlie  cultural  quantity 

r  the  body,  the  body  is  said  to  be  overcharged,  and  when  the  quantity 

low  than  the  natural  quantity  the  body  is  said  to  be  undercharged. 
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The  forces  exerted  by  undercharged  bodies  are  ascribed^  not,  as  in 
the  later  theory,  to  the  redundant  matter  in  the  body,  but  to  tbe 
repulsion  of  the  fluid  in  other  parts  of  space. 

The  theory  is  therefore  simpler  than  in  its  final  form,  but  it  tacitly 
assumes  that  the  fluid  could  exist  in  stable  equilibrium  if  spread  with 
uniform  density  over  all  space,  whereas  it  appears  fix)m  the  investiga- 
tions of  Cavendish  himself  that  a  fluid  whose  particles  repel  each  other 
with  a  force  inversely  as  any  power  of  the  distance  less  than  the  cube 
would  be  in  unstable  equilibrium  if  its  density  were  uniform. 

This  objection  does  not  apply  to  the  later  form  of  the  theory,  for  in 
it  the  equilibrium  of  the  electric  fluid  in  a  saturated  body  is  rendered 
stable  by  the  attraction  exerted  by  the  fixed  particles  of  ordinary  matter 
on  those  of  the  electric  fluid. 

(2)  The  hypotheses  are  reduced  in  the  later  theory  to  one,  and  the 
third  and  fourth  hypotheses  of  the  "  Thoughts  "  are  deduced  from  this. 

(3)  In  the  "Thoughts"  Cavendish  appears  to  be  acquainted  only 
with  those  phenomena  of  electricity  which  can  be  observed  without 
quantitative  experiments.  Some  of  his  remarks,  especially  those  on  the 
spark,  he  repeats  in  the  paper  of  1771,  but  in  that  paper  (Art  95)  he 
refers  to  certain  quantitative  experiments,  the  particulars  of  which  are 
now  first  published  [Art.  265]. 

The  "  Thoughts,"  however,  though  Cavendish  himself  would  have 
considered  them  entirely  superseded  by  the  paper  of  1771,  have  a 
scientific  interest  of  their  own,  as  showing  the  path  by  which  Cavendish 
anived  at  his  final  theory. 

He  begins  by  getting  rid  of  the  electric  atmospheres  which  were 
still  clinging  to  electrified  bodies,  and  he  appears  to  have  done  this  so 
coniplett^ly  that  he  does  not  tliiuk  it  worth  wliile  even  to  mention  thein 
in  tlie  paper  of  1771. 

He  then  introduces  the  phi-ase  "degree  of  electrification ''  and  gives 
a  quantitative  definition  to  it,  so  that  this,  the  leading  idea  of  his  whole 
research,  was  fully  developed  at  the  early  date  of  the  "  Thoughts." 

Several  expressions  which  Cavendish  freely  used  in  his  own  notes 
and  jonrnals,  but  which  he  avoided  in  his  printed  pai>er.s,  oc<Jur  in  the 

"  Thouglits." 

Thus  he  speaks  of  the  "  compression  *'  or  pressure  of  the  electric  fluid. 

Besides  the  "Thoughts,'*  which  may  be  considered  as  the  original 
form  of  the  introduction  to  the  paper  of  1771,  there  is  a  mathematical 
l)apcr  corresponding  to  the  Propositions  and  Lemmata  of  the  publisher! 
pa})er,  but  following  the  earlier  form  of  the  theory,  in  which  the  forces 
exerte<l  by  ordinary  matter  are  not  considered,  and  referring  directly  to 
the  "Hypotheses"  of  the  "Thouglits." 

The  fii-st  part  of  this  paper  is  carefully  written  out,  but  it  gradually 
becomes  more  and  more  unfinished,  and  at  last  terminates  abniptly, 
though,  as  this  occurs  at  the  end  of  a  page,  we  may  suppose  that  the 
end  of  the  paper  has  been  lost.     I  think  it  probable,  however,  that  wheD 
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BCAvemdisli  had  advanced  eo  far,  he  was  iMginning  to  see  hU  way  to  the 
K'fcrru  of  the  theory  which  he  finally  published,  and  that  he  did  not  cai-e 
|4o  finish  the  miinuscript  of  the  im2)erfect  theory. 

The  general  theory  of  llwidfl  repiiUlng  according  to  any  inverse  power 
liOf  the  distance  is  ^ven  much  more  fiilly  than  in  the  paper  of  1771,  and 
^Ae  remarks  on  the  constitution  of  air  are  very  interesting. 

1  hare  therefore  printed  this  paper,  but  in  order  to  avoid  interrupting 
WAt  reader  with  a  repetition  of  much  of  what  he  had  already  seen,  I  have 
K^aced  it  at  the  end  of  this  Kote. 
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Let  a  fluid  whose  particles  mutually   repel  each  other  be   spree 
mufbrmly  through  infinite  space.     Let  a  be  a 
particle  of  that  Huid ;  draw  the  cone  bap  con- 
tinued inlinitely,  and  draw  the  section  SjS  i  if 
the  repulsion  of  the  particles  is  inversely  as  any 
higher  power  of  the  distance  than  the  cube,  the 
particle  a  will  be  repelled  with  infinitely  more 
force  from  the  particles  between  a  and  b^  than  from  all  those  situated 
beyond  it,  but  if  their  repulsion  is  inversely  as  any  less  power  thiin  the 
cul>e,  then  the  repulsion  of  the  particles  placed  beyond  b^  is  infioitely 
greater  than  that  of  those  between  a  and  bp. 

If  the  repnlaion  of  tlie  particles  is  inversely  as  the  «  power  of  the 
distnuce,  n  being  greater  tlian  3,  it  would  constitute  an  elastic  fluid  of 
the  same  nature  as  air,  except  that  its  elasticity  would  be  inversely  as 
the  n-t-2   power  of  the  distance  of  the  particles,  or  dii'ectly  aa  the 

— ^—  power  of  the  density  of  the  fluid. 

But  if  jt  is  equal  to,  or  less  than  3,  it  will  form  a  fluid  of  a  very 
different  kind  from  air,  as  will  appear  &'om  what  follows. 

Cor.  1.  Let  a  fluid  of  llie  above-mentioned  kind  be  spread  uni- 
formly through  infinite  apace  except  in  the 
hoUow  globe  BDS,  and  let  the  Bides  of  the  globe 
be  so  thin  that  the  force  with  which  a  particle 
placed  contiguous  to  the  sides  of  the  globe  would 
be  repelled  by  so  much  of  tho  fluid  as  might  be 
lodged  within  the  s]>ace  occupied  by  the  sides  of 
the  glubo  ehonld  be  trifling  in  respact  of  the 
repulsion  of  the  whole  quantity  of  fluid  in  the 
globe. 

If  the  fluid   within   the  globe  was  of  the 

)  density  aa  without,  the  particles  of  the 
Ffiuid  adjacent  to  either  the  inside  or  outside 
fcprlnoe  of  the  globe  would  not  press  against  tlios 

uible  force,  as  they  would  bo  i-e|ieUed  with  the  same  force  by  the 
jBdid  on  each  side  of  them.     But  if  the  fluid  within  the  globe  is  denser 

■  From  MS.  bundla  17. 


irfaccs  with  any 
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than  that  without,  then  any  particle  adjacent  to  the  inside  surface  of 
the  globe  will  be  pressed  against  bj  the  repulsion  of  so  much  of  the 
fluid  within  the  globe  as  exceeds  what  would  be  contained  in  the  same 
space  if  it  was  of  the  same  density  as  without,  and  consequently  will 
be  greater  if  the  globe  be  large  than  if  it  be  small.  Consequently  the 
pressure  against  a  given  quantity  (a  square  inch  for  example)  of  the 
inside  surface  of  the  globe  will  be  gi*eater  if  the  globe  is  lai^  than  if  it 
is  small. 

If  the  particles  of  the  fluid  repel  each  other  with  a  force  inversely 
as  their  distance,  the  pressure  against  a  given  quantity  of  the  innide 
surface  would  be  as  the  square  of  the  diameter  of  the  globe.  So  that 
it  is  plain  that  air  cannot  consist  of  particles  repelling  each  other  in  the 
above-mentioned  manner. 

If  the  repulsion  of  the  particles  was  inversely  as  some  higher 
power  of  the  distance  than  the.  cube,  then  any  particle  of  the  fluid 
would  not  be  sensibly  afiected  except  by  the  repulsion  of  those  particles 
which  were  almost  close  to  it,  so  that  the  pressure  of  the  fluid  against 
a  given  quantity  of  the  inside  surface  would  be  the  same  whatever  was 
the  size  of  the  globe,  but  then  the  elasticity  [would]  be  in  a  greater 
proportion  than  that  of  the  f  power  of  the  density. 

If  the  repulsion  of  the  particles  is  inversely  as  some  less  power 
than  the  cube  of  the  distance,  and  the  density  of  the  fluid  within  the 
globe  is  less  than  it  is  without,  then  the  particles  on  the  outside  of  the 
globe  will  press  against  it,  and  the  force  will  be  greater  if  the  globe  is 
large  than  if  it  be  small. 

If  the  density  of  the  fluid  within  the  globe  be  greater  than  without, 
then  the  density  will  not  be  the  same  in  all  parts  of  the  globe,  but  will 
be  greater  near  the  surface  and  less  near  the  middle,  for  if  you  suppose 
the  density  to  be  everywhere  the  same,  then  any  particle  of  the  fluid,  as 
d,  would  be  pressed  with  more  force  towards  a,  the  neai-est  part  of  the 
surface  of  the  sphere,  than  it  would  [be J  in  the  conti'ary  direction. 

If  the  repulsion  of  the  particles  is  inversely  as  the  square  of  the 
distance,  I  think  the  inside  of  the  sphere  would  be  uniformly  coated 
with  the  fluid  to  a  certain  thickness,  in  which  the  density  would  be 
infinite,  or  the  particles  would  be  pressed  close  together,  and  in  all  the 
space  within  that,  the  density  would  be  the  same  as  on  the  outside  of 
the  sphere. 

The  pressure  of  a  particle  adjacent  to  the  inside  surface  against  it  is 
equal  to  the  repulsion  of  all  the  redundant  matter  in  the  sphere  col- 
lected in  the  center,  and  the  force  with  which  a  particle  is  pressed 
towards  the  surfiice  of  the  sphere  diminishes  in  arithmetical  progression 
iu  going  from  the  inside  surface  to  that  point  at  which  its  density 
begins  to  be  the  same  as  without,  therefore  the  whole  pressure  against 
the  inside  of  the  sphere  is  equal  to  that  of  half  the  redundant  matter  in 
the  sphere  pressed  by  the  repulsion  of  all  the  redundant  matter  col- 
lected in  the  center  of  the  sphere. 

Therefore,  if  the  quantity  of  fluid  in  the  sphere  is  such  that  its 
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sitjr,  if  imifonn,  would  be  I  -i-tl,  and  the  radius  of  the  sphere  bo 
ed  r,    the   whole   jireseure  against    the    inside   siufuce   will  bo   as 


,  ,  &ud  the  pressure  against 
as  tPr*. 
If  this  pressure  be  called  P,  dis 


I  given  fipaco  of  the  iuaide  surface 


,8^/^,and  ./i^isas  r'J/'.     Con- 

inently,  snpijosing  the  fluid  to  he  pumped  into  differeut  sized  globes, 
a  quantity  of  fluid  ptmii>ed  in  will  be  as  the  square  root  [of  the 
ve]  with  which  it  is  pumped,  multiplied  by  the  square  of  the  dininoter 
the  globe. 
If  the  density  within  the  sphare  is  less  than  without,  then  the 
Dsity  within  the  sphere  will  not  bu  uniform,  but  will  be  greater 
iwartU  the  middle  and  less  towards  the  outside,  and  if  the  repulnion  of 
particles  is  inversely  as  the  square  of  the  diHtance,  there  would  be 
sphere  concentric  to  the  hollow  gliibe  in  whi<:h  the  density  would  be 
le  same  as  on  the  outside  of  the  globo,  and  all  between  that  and  the 
aide  surface  of  the  globe  would  be  a  vacuum. 

From  these  corollaries  it  follows  that  if  the  electric  fluid  is  of  the 

iture  here  described,  and  is  spread  uniformly  through  bodies,  exuept 

hen  they  give  signs  of  electricity,  that  then  if  two  similar  bodies  of 

sizes  be  equally  electrided,  the  larger  body  will  receive  much 

addiUoua]  electricity  in  proportion  to  its  bulk  than  the  smaller 

and   moreover   when  a   body  is   electrified,    the  additional   elec- 

■icity  will  be  lodged  in  greater  quantity  near  the  surface  of  the  body 

a.  near  the  middle. 

Let  us  now  suppose  the  fluid  within  the  globe  BDE  to  be  denser 
Q  without,  and  let  ns  cousider  [in  what  manner]  the  fluid  without 
be  aflecttd  thereby. 

Ist     There  will  be  a  certain  space  (mrroundiiig  the  globe,  as  fitt, 

'hich  will  be  n  perfect  vacuum,  for  Gi-st  l«t  us  aupjiOiMi  that  the  density 

ithout  the  glolw  is  imiform,  then  any  particle  would  be  repelled  with 

ore  foree  from  the  globe  than  in  the  contrary  direction. 

Sndly.     Let  us  euppoee  that  the  space  pht,  BDE  is  not  a  vacDum, 

rat  mi*r  than  the  rest  of  the  fluid  ;  still  a  particle  placed  close  to  the 

surface  of  the  globe  would  be  repell«<d  from  it  with  more  force  than  iu 

tJte  coDtrnry  direction. 

Srdly.  Let  us  [iDpiKoa  that]  tlie  density  in  the  space  between  SDE 
and  ptit  is  gKutor  thjui  witbont,  then  accjr<liiig  to  »ome  hypotheau  of 
the  law  of  repulsion  a  particje  pUc«d  at  Ji  might  be  iu  equilibrium,  but 
one  placed  at  p  could  by  do  mBsaa  ba  *o. 

Ho  that  there  is  no  way  liy  which  tha  partkiea  can  be  iu  njiiilibnum, 
nnle»  there  is  a  vu-uum  all  roatid  tKe  ^lobe  to  a  Ofitain  diiitancp.  How 
tbo  denxity  of  tli^  fluid  will  La  aActed  beyottil  lUa  vacanm  I  cannot 
emctly  tell,  esccp*  ia  the  fol)o«iftg  mm- — 

If  t]i«  repulAiua  of  tl>a  part*el«a  b  immneiy  m  iIw  ajaart)  of  tho 
tber«  win  be  a  [«r&a  Mema  Ucviim  Sbg  ud  ^  an<l 
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beyond  that  the  density  will  be  perfectly  uniform,  /88c  being  a  sphere 
concentric  to  BDE^  and  of  such  a  size,  that  if  the  matter  in  BDE  was 
spread  uniformly  all  over  the  sphere  jSSc,  its  density  would  be  the  same 
as  beyond  it. 

For  any  quantity  of  matter  spread  uniformly  over  the  globe  /38c  or 
BDE  affects  a  particle  of  matter  placed  without  that  sphere  just  in  the 
same  manner  as  if  the  whole  fluid  was  collected  in  the  center  of  the 
sphere,  so  that  any  particle  of  matter  placed  without  the  sphere  )3Sc  will 
be  in  perfect  equilibrio. 

In  like  manner  if  the  fluid  within  BDE  is  rarer  than  without,  there 
will  be  a  certain  space  surrounding  the  globe,  as  that  between  BDS  and 
j88c,  in  which  the  density  will  be  infinite,  or  in  which  the  particles  will 
be  pressed  close  together,  and  if  the  repulsion  of  the  particles  is  in- 
versely as  the  square  of  the  distance,  the  density  of  the  fluid  beyond 
that  will  be  iiniform :  the  diameter  of  /88c  being  such  that  if  all  the 
matter  within  it  was  spread  uniformly,  its  density  would  be  the  same  as 
without. 


Let  a  fluid  of  the  above-mentioned  kind  be  spread  uniformly  through 
infinite  space  except  in  the  canal  acdef  of  any  shape  whatsoever, 
except  that  the  ends  aghh  and  mden  are  straight  canals  of  an  ecjual 
diameter,  and  of  such  a  length  that  a  particle  placed  at  a  or  </  shall 
not  be  sensibly  afiected  by  the  repulsion  of  the  matter  in  the  jiart 
gcmnfhf  and  let  there  be  a  greater  quantity  of  the  fluid  in  this  canal 
than  in  an  equal  space  without 

Then  the  density  of  the  fluid  in  difierent  parts  of  the  canal  will 
be  very  diflerent,  but  I  imagine  the  density  will  be  just  the  same 
at  a  iis  at  d.  For  suppose  ah  and  de  to  be  joined,  as  in  the  figure,  by 
a  canal  of  an  uniform  diameter  and  regular  shape,  nowhere  approaching 
near  enough  to  gcmnfh  to  be  afiected  by  the  repulsion  of  the  particles 
within  it  If  the  matter  was  not  of  the  same  density  [at  a  and  d 
the  matter  therein  could  not  be  at  rest,  but  thei^e  would  be  a  continua 
current  through  the  canal,  which  seems  highly  improbable. 

e o 7n(y^^yk o ^ 


Cor.     Let  (7  be  a  conductor  of  electricity  of  any  shape,  em  and  fn 
wires  extending  from  thence  to  a  great  distance.     Let  a  and  6  be  two 
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equal  bodies  placed  on  those  wires  at  such  a  distance  from  C  as  not  to 
be  sensibly  affected  by  the  electricity  thereof,  and  let  the  conductor  or 
wires  be  electrified  by  any  part :  the  quantity  of  electric  fluid  in 
the  bodies  a  and  6  will  not  be  sensibly  different,  or  they  will  appear 
equally  electrified. 

Case  1.     Let  the  parallel  planes  Aa^  Bh^  «&&,  be  continued  infinitely. 
Let  all  infinite  space  except  the  space 

contained  between   Aa  and   Gc,   and       j^ fi 

between   Ee  and   Hh^   be   filled  uni-       B- j 

formly    with    ]>articles    repelling    in-        C-  ^ 

versely  as  the  square  of  their  distance ;  ^ 

let  the  space  between  Ee  and  Hh  be  .  ^ 
filled  with  fluid  of  the  same  density, 

the  particles  of  which  can  move  from        « ix 

one  part  to  another ;  and  let  the  space       S ~jr 

between  Aa  and   Cc  be  filled   with         0 ^ 


matter  whose  density  is  to  [that  in]        "  E 

the  rest  of  space  as  AD  to  AU, 

Take  EF  =  \CD^  and  GH  such  that  the  matter  between  Ee  and  Ff 
when   pre&sed   close  together,  so  that  the  particles  touch  each  other, 
shall  occupy  the  space  between  Gg  and  Ilh. 

The  space  between  Ee  and  Ff  will  be  a  vacuum,  that  between  Ff 
and  Gg  of  the  same  density  as  the  rest  of  space ;  and  between  Gg  and 
Hh  the  particles  will  touch  one  another. 

Case  2.  Let  everything  be  as  in  case  the  first,  except  that  there  is 
a  canal  opening  into  the  plane  Hhj  by  which  the  matter  in  the  space 
EH  is  at  liberty  to  escape  j  part  of  the  matter  will  then  run  out,  and 
the  density  therein  will  be  everywhere  the  same  as  without,  except 
in  the  space  EF^  which  will  be  a  vacuum,  EF  being  equal  to  CD, 

Case  3.  Suppose  now  that  a  canal  opens  into  the  plane  J  a  by 
which  the  fluid  in  the  space  AG  may  escape.  It  will  have  no 
tendency  to  do  so,  for  the  repulsion  of  the  redundant  fluid  in  AG 
on  a  particle  at  a  will  be  exactly  equal  to  [the]  want  of  repulsion  of 
the  space  EH. 

Case  4.  Let  now  the  space  between  Aa  and  Gc  be  filled  with 
matter  whose  density  is  to  the  rest  of  space  b&  AB  io  AG, 

Then  the  space  between  Hh  and  Gg  will  be  a  vacuum,  GH  being 
equal  to  \  BG,  In  the  space  EF  the  particles  of  matter  will  be  pressed 
together  so  as  to  touch  each  other,  the  quantity  of  matter  therein 
exceeding  what  is  naturally  contained  in  that  space  by  as  much  as  is 
driven  out  of  the  space  GH ;  and  in  the  space  between  Ff  and  Gg  the 
matter  will  be  of  the  same  density  as  without 

Case  5.  Suppose  now  that  a  canal  opens  into  the  plane  Hh  as  in 
Case  2,  then  will  matter  run  into  the  space  EH^  and  the  density  will  be 
everywhere  the  same  as  without,  except  in  the  space  EF,  where  the 
particles  will  be  pressed  close  together,  the  quantity  of  matter  therein 
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exceeding  the  natural  quantity  by  as  much  as  is  naturally  contaiDed  in 
the  space  BC, 

Case  6.  Suppose  now  that  a  canal  opens  into  the  plane  Aa^  the 
fluid  will  have  no  tendency  to  run  out  thereat 

Case  7.  Let  us  now  consider  what  will  be  the  result  if  the  repd- 
sion  of  the  particles  is  inversely  as  some  other  power  of  the  distance  ' 
between  that  of  the  square  and  the  cube;  and  first  let  us  suppose 
matters  as  in  the  first  case.  There  will  be  a  certain  space,  as  EF^ 
which  will  be  a  vacuum,  and  a  certain  space,  as  FG,  in  which  the 
particles  will  be  pressed  close  together,  for  if  the  matter  is  uniform 
in  EH^  all  the  particles  will  be  repelled  towards  H  if  there  is  not 
a  vacuum  at  E,  nor  the  particles  pressed  close  together  at  G^  but  only 
the  density  less  at  E  than  at  H,  then  the  repulsion  of  space  EH  at  E 
will  be  less  on  [a]  particle  at  E  and  greater  on  a  particle  at  U  than  if 
the  density  was  uniform  therein,  consequently  on  that  account  as  well 
as  on  account  of  the  repulsion  oi  AC  b,  particle  At  E  or  If  will  be 
repelled  towards  H,  but  rfthe  spaced/* is  a  vacuum  and  the  particl(ys  in 
GH  pressed  close  together,  then  if  the  spaces  EF  and  Gil  are  of  a 
proper  size,  a  paiiicle  At  F  or  G  may  be  in  equilibrio. 

Case  8.  If  you  now  suppose  a  canal  to  open  into  the  plane  Ilh  as  in 
the  3rd  case,  some  of  the  matter  will  run  out  thereat^  so  that  the 
whole  quantity  of  matter  in  the  space  EH  will  be  less  than  natural. 
For  if  not,  it  has  already  been  shown  that  a  particle  at  H  will  be 
repelled  from  A,  but  the  quantity  of  matter  which  runs  out  will  not  be 
BO  much  as  the  redundant  matter  in  AC,  for  if  thei-e  was,  the  want  of 
repulsion  of  the  space  EH  on  a  particle  at  h  would  be  greater  than  the 
excess  of  repulsion  of  the  space  AC. 

Case  9.  Suppose  now  that  a  canal  opens  into  the  plane  ^ a  as  in 
Case  3 ;  a  particle  at  a  will  be  repelled  from  Dd,  but  not  with  so  much 
force  as  if  there  had  been  the  natural  quantity  of  fluid  in  the  space  EU^ 
so  that  some  of  the  fluid  will  run  out  at  the  canal,  but  not  with  so  much 
force,  nor  will  so  much  of  the  fluid  run  out  as  if  thei*e  had  been  the 
natural  quantity  of  fluid  in  EH, 

Case  10.  If  you  suppose  matters  to  be  as  in  the  4th  case,  then 
there  must  be  a  certain  space  adjacent  to  Ee,  in  which  the  particles  will 
be  pressed  close  together,  and  a  certain  space  adjacent  to  Hh  in  which 
there  must  be  a  vacuum. 

Case  11.  If  you  suppose  a  canal  to  open  into  the  plane  Hh,  some 
matter  will  run  into  the  space  EH  thereby,  so  that  the  whole  quantity 
of  matter  therein  will  be  greater  than  natural 

The  proof  of  these  two  cases  is  exactly  similar  to  that  of  the  two 
former. 

Case  12.  If  you  now  suppose  a  canal  to  open  into  Aa,  some  fluid 
will  run  into  it,  but  not  with  so  much  foi-ce  nor  in  so  great  quan- 
tity as  if  the  natural  quantity  of  fluid  had  been  contained  in  the 
space  Hh, 

1  have  supposed  the  planes  Aa,  <fec.  to  be  extended  infinitely,  be- 
cause by  that  means  I  was  enabled  to  solve  the  question  accurately 
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to  the  cases  where  the  reptilaioo  is  supposed  inversely  as  the  squdra  of 
the  distance,  which  I  oould  not  have  done  otherwise,  but  it  is  e^dent 
that  the  phenomena  will  be  nearly  of  the  same  kind  if  the  planes  are 
not  infinitelj  extended. 

For  if  the  distance  ag  be  small  in  respect  of  the  length  and  breadth 
of  the  plane  Aa,  a  particle  placed  at  a  will  be  repelled  by  the 
plane  Aa  with  very  nearly  the  some  force  as  if  the  plane  was  in- 
finitely extended. 

It  is  plain  that  these  6  last  cases  ^ree  very  exactly  with  the 
■  Ikwb  of  electricity  laid  down  in  the  3rd  and  4th  hypotheses  fThouehta... 
tort.  202]. 

W     c, 


If  the  lines  Bb  and  Dd  touch  one  another  ho  that 

[Here  the  Ma  ends. 


Note  19,  Art.  234. 


CavendMs  Experiment  on  Oie  Cliarge  of  a  Globe  between  ttao 
Hemispheres. 

This  experiment  has  recently  been  repeated  at  the  Cavendish  Labo- 
ratory in  a  somewhat  different  manner. 

The  hemispheres  were  fixed  on  an  insulating  stand,  so  aa  to  foi-m 
a  spherical  shell  concentric  with  the  globe,  which  stood  inside  the  shell 
upon  a  short  piece  of  a  wide  ebonite  tube. 

By  this  an-angement,  since  daring  the  whole  esperiiaent  the  poten- 
tials of  the  globe  and  sphere  remained  sensibly  equal,  tho  insulating 
snpport  of  the  globe  waa  never  exposed  to  the  action  of  any  sensible 
electromotive  force,  and  therefore  had  no  tendency  to  become  charged. 

If  the  other  end  of  the  insulator  supporting  the  globe  had  been 
connected  to  enrth,  then,  when  the  potential  of  the  globe  was  high, 
electricity  would  have  crept  from  it  along  the  insulator,  and  would 
have  crept  back  again  when,  in  the  second  part  of  the  eitperiment,  the 
potential  of  tho  globe  was  sensibly  zero.  In  fact  this  was  the  chief 
source  of  disturbance  in  Cavendish's  experiment.     See  Art.  512. 

Instfisd  of  removing  tho  hemispheres  before  testing  the  potential 
of  the  globe,  they  were  loft  in  theii'  position,  but  discharged  to  earth. 
The  effect  on  the  electrometer  of  a  given  charge  of  the  globe  was  Jesa 
than  if  the  hemispliercs  had  been  removed,  but  this  disadvantage  was 
more  than  compensated  by  the  perfect  security  from  all  external  electric 
disturbances  niibrded  by  tho  conducting  shell. 

The  short  wire  which  formed  the  communication  betwepn  the  shell 

and  the  globe  was  fastened  to  a  small  metal  disk  hinged  to  the  shell, 

and  acting  as  a  lid  to  a  small  bole  in  it,  so  that  when  the  Hd  and 

■te  wire  were  lifted  up  by  means  of  a  silk  string,  the  electrode  of  the 

■.       H.  27 
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electrometer  oould  be  made  to  dip  into  the  hole  in  the  shell  and  leit  oft 
the  globe  within. 

The  electrometer  was  Thomson's  Quadrant  Electrometer. 

The  case  of  the  electrometer,  and  one  of  the  electrodes,  were  per 
manentlj  connected  to  earth,  and  the  testing  electrode  was  also  hsf^ 
connected  to  earth,  except  when  used  to  test  the  potential  of  tk 
globe. 

To  estimate  the  original  charge  of  the  shell,  a  small  brass  ball  vy 
placed  on  an  insulating  stand  at  a  distance  of  about  60  cm.  from  tiK 
centre  of  the  shelL 

The  operations  were  conducted  as  follows : — 

The  lid  was  closed,  so  that  the  shell  communicated  with  the  globe  bj 
the  short  wira 

A  Leyden  jar  was  charged  £rom  a  machine  in  another  room,  tk» 
shell  was  charged  from  the  jar,  and  the  jar  was  taken  out  of  ^ 
room  again. 

The  small  brass  ball  was  then  connected  to  earth  for  an  instant, 
so  as  to  give  it  a  negative  charge  by  induction,  and  was  then  left 
insulated. 

The  lid  was  then  lifted  up  by  means  of  the  silk  stringy  so  as  to  take 
away  the  communication  between  the  shell  and  the  globe. 

The  shell  was  then  discharged  and  kept  connected  to  eartL 

The  testing  electrode  of  the  electrometer. was  then  disconnected  fren 
earthy  and  made  to  pass  through  the  hole  in  the  shell  so  as  to  touch  the 
globe  within  without  touching  the  shell. 

Not  the  slightest  deflexion  of  the  electrometer  could  be  observed 

To  test  the  sensitiveness  of  the  apparatus,  the  shell  was  disconnected 
from  earth  and  connected  to  the  electrometer.  The  small  brass  ball  was 
then  discharged  to  eaiiih. 

This  produced  a  large  positive  deflexion  of  the  electrometer. 

Now  in  the  first  part  of  the  experiment,  when  the  brass  ball  was 
connected  to  earth,  it  became  charged  negatively,  the  charge  being  about 
^  of  the  original  positive  charge  of  the  shelL 

When  the  shell  was  afterwards  connected  to  earth  the  small  ball 
induced  on  it  a  positive  charge  equal  to  about  one-ninth  of  its  own 
negative  charge.  When  at  the  end  of  the  experiment  the  small  ball 
was  discharged  to  earth,  this  charge  remained  on  the  shell,  being  about 
j^  of  its  original  charge. 

Let  us  suppose  that  this  produces  a  deflexion  D  of  the  electrometer, 
and  let  d  be  the  largest  deflexion  which  could  escape  observation  in  ih» 
first  part  of  the  experiment. 


2 
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Then  we  know  that  the  potential  of  the  globe  at  the  end  of  the  first 
part  of  the  experiment  cannot  differ  from  sero  by  more  than 

1  d 


486  J) 
lAere  V  is  the  potential  of  the  shell  when  first  charged. 

But  it  appears  from  the  mathematical  theory  that  if  the  law  of 
repulsion  had  been  as  r"^*'^'^,  the  potential  of  the  globe  when  tested 
would  have  been  by  equation  (25),  p.  421, 

1     d 
Hence  q  cannot  differ  frY)m  zero  by  more  than  ^wk  ^' 

Now,  even  in  a  rough  experiment,  D  was  certainly  more  than 
SOOdL  In  fact  no  sensible  value  of  d  was  ever  observed.  We  may 
therefore  conclude  that  q^  the  excess  of  the  true  index  above  2,  must 
either  be  zero,  or  must  differ  irom.  zero  by  less  than 

*aieoo' 


Theory  of  the  BxperimerU. 
Let  the  repulsion  between  two  charges  e  and  ^  at  a  distance  r  be 

/=«'*(»•).  (1) 

where  ^  (r)  denotes  any  function  of  the  distance  which  vanishes  at  an 
infinite  distanca 

The  potential  at  a  distance  r  from  a  charge  e  is 

r^er4>{r)dr,  (2) 

Jr 

Let  us  write  this  in  the  form 

r=6i/'(r),  (3) 

where  /'(^)='*2-'  <^> 

and  /(r)  is  a  function  of  r  equal  to   Irl  j   ^(r)  dr    dr. 

We  have  in  the  first  place  to  find  the  potential  at  a  given  point  B 
dae  to  a  uniform  spherical  shelL 

Let  il  be  the  centre  of  the  shell,  a  its  radius,  a  its  whole  charge,  and 
if  its  sur&ce^ensityi  then 

a  »  4a-a*<r.  (6) 

27—2 
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Take  A  for  the  centre  of  spherical  oo-ordinateB  and  AB  for  azia, 
and  let  ABs=b, 

Let  P  be  a  point  on  the  sphere  whose  spherical  co-ordinates  are 
0  and  ^,  and  let  BP  =  r,  then 

r»=a*-.2a5costf  +  6«.  (6) 

The  chai^ge  of  an  element  of  the  shell  at  P  is 

o-a'sin0i0c^=:  j-a  dn0(£0<^  (7) 

The  potential  at  P  due  to  this  element  is 

^a-^anededil^  (8) 

and  the  potential  due  to  the  whole  shell  is  therefore 

V^  ^  [''  ^J^  miOdOdi^  (9) 

Integrating  with  respect  to  ^  from  0  to  2ir, 

V^r\J^^^mi9d6.  (10) 

Differentiating  (6)  with  respect  to  0, 

rcfr  =  a&  sin  0(20.  (11) 

Hence, 

the  upper  limit  r^  being  always  a  +  6,  and  the  lower  limit  r,  being  a-h 
when  a > 6,  and  6  — a  when  a<h. 

Hence,  for  a  point  inside  the  shell 

^=^^f^''^^)-n''-^)i  (13) 

for  a  point  on  the  shell  itself 

r=i/(2a).  (H) 

and  for  a  point  outside  the  shell 

We  have  next  to  determine  the  potentials  of  two  concentric  spheri- 
cal shells,  the  radius  of  the  outer  shell  being  a  and  its  chaxge  o,  and 
that  of  the  inner  shell  being  h  and  its  charge  p. 
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Calling  the  potential  of  the  outer  shell  A^  and  that  of  the  inner  B, 
we  find  by  what  precedes, 

-B = |i/(26)  +  2^  {/(a  +  6)  -/(a  -  b)}.  (17) 

In  the  first  part  of  the  experiment  the  shells  communicate  by  the 
short  wire  and  are  both  raised  to  the  same  potential,  say  V. 

Patting  A  =  B=V  and  solving  equations  (16),  (17),  we  find  for  the 
charge  of  the  inner  shell 

P  -    "^ V(2a) /(26)  -  {/(a  +  b)  -/{a -6)}-  <'^> 

In  the  original  experiment  of  Cavendish  the  hemispheres  forming 
the  outer  shell  were  removed  altogether  from  the  globe  and  discharged. 
The  potential  of  the  inner  shell  or  globe  would  then  be 

A  =  |-./(26)-  (19) 

In  the  form  of  the  experiment  as  repeated  at  the  Cavendish  Labora- 
tory, the  outer  shell  was  left  in  its  place,  but  was  connected  to  earth,  so 
that  ^  =  0.  In  this  case  we  find  for  the  potential  of  the  inner  shell 
when  tested  by  the  electrometer 

Let  us  now  assume  with  Cavendish,  that  the  law  of  force  is  some 
inverse  power  of  the  distance,  not  differing  much  from  the  inverse 
square,  that  is  to  say,  let 

<^(r)  =  r-«*«  (21) 

then  /(r)=^r-.  (22) 

If  we  suppose  ^  to  be  a  small  numerical  quantity,  we  may  expand 
f{r)  by  the  exponential  theorem  in  the  form 

/('•)  =  Tr^.''{i-2^*>g'*+ri(?i°g'*)'-**^J'  (23) 

and  if  we  n^lect  terms  involving  9',  equations  (19)  and  (20)  become 

i'.-ir,[ji«gi±|-.<«^].  w 
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liaplaoe  rUlIea  Gel.  l  2]  gave  tlie  first  direct  demonstration  that  no 
function  of  the  distance  except  the  inverse  square  can  satisfy  the  condi-  ' 
tion  that  a  uniform  spherical  shell  exerts  no  force  on  a  particle  ' 
within  it. 

K  we  suppose  that  P,  the  charge  of  the  inner  sphei-e,  is  always 
accurately  zero,  or,  what  comes  to  the  same  thing,  if  we  suppose  B^ 
or  ^,  to  be  zero,  then 

6/(2a)-a/(a  +  6)-^(a-6)  =  0,  - 

Differentiating  twice  with  respect  to  &,  a  being  constant^  and 
dividing  bj  a,  we  find 

/"(a +  6)  =/"(«- 6). 

or,  if  a  -  6  =  c, 

/"  (c  +  26)  =/"  (c), 

which  can  be  true  only  if 

f"  (r)  =  C,  a  constant. 

Hence,  /'{r)^Cjr  +  C„ 

and  J%  (r)  dr  =  1/'  (r)  =  C.  + 1 C7. , 

whence,  ^  W  =  C',  -3 . 

"We  may  notice,  however,  that  though  the  assumption  of  Cavendish, 
that  the  force  varies  as  some  inverse  power  of  the  distance,  appears  less 
general  than  that  of  Laplace,  who  supposes  it  to  be  any  function  of  the 
distance,  it  is  the  most  general  assumption  which  makes  the  ratio  of 
the  force  at  two  different  distances  a  function  of  the  ratio  of  thoi>e 
distances. 

If  the  law  of  force  is  not  a  power  of  the  distance,  the  ratio  of 
the  forces  at  two  different  distances  is  not  a  function  of  the  ratio 
of  the  distances  alone,  but  also  of  one  or  more  linear  parameters, 
the  values  of  which  if  determined  by  experiment  would  be  absolute 
physical  constants,  such  as  might  be  employed  to  give  us  an  invariable 
standard  of  length. 

Now  although  absolute  physical  constants  occur  in  relation  to  all 
the  properties  of  matter,  it  does  not  seem  likely  that  we  should  be  able 
to  deduce  a  linear  constant  from  the  properties  of  anything  so  little  like 
ordinary  matter  as  electricity  appears  to  ba 
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Note  20,  Abt.  272. 
On  the  Electric  Capacity  of  a  Disk  o/ sensible  Thickness. 

Consider  two  eqaal  disks  having  the  same  axis,  let  the  radius  of 
either  disk  be  a,  and  the  distance  between  them  6,  and  let  b  be  small 
compared  with  cl 

Let  us  begin  by  supposing  that  the  distribution  on  each  disk  is  the 
same  as  if  the  other  were  away,  and  let  us  calculate  the  potential  energy 
of  the  system. 

We  shall  use  elliptical  co-ordinates,  such  that  the  focal  circle  is 
the  edge  of  the  lower  disk.  In  other  words  we  define  the  position  of 
a  given  point  by  its  greatest  and  least  distances  from  the  edge  of  the 
lower  disk,  these  distances  being 

a{a  +  P)  and  a(a-p). 

The  distance  of  the  given  point  from  the  axis  is 

r^aap,  (1) 

and  its  distance  from  the  plane  of  the  lower  disk  Ib 

«  =  a(a«-l)*(l-i8')*.  (2) 

If  A^  is  the  charge  of  the  lower  disk,  the  potential  at  the  given 
point  is 

^  =  Aa"^  cosec"*  a,  (3) 

or^  if  we  write  a'  =  y*  + 1,  (4) 

^  =  Aa-'  (I  -  tan-  y) .  (5) 


If  J,  ia  Uie  charge  of  the  upper  disk,  the  density  at  any  point  is 

A. 


(6) 


where  p*  =  a"' (a*  -  r*)  =  1  -  o'^.  (7) 

Putting  %  =  (  in  equation  (2), 

5'  =  aV(l-)8')    or/3'=l-^.  (8) 

6*  V 

Hence  p'  e  -j-5  -  V*  ■•■  — « •  (^) 


424  NOTE  20* 

We  have  now  to  mulidplj  the  charge  of  an  dement  of  the  upper 
disk  into  the  potential  due  to  the  lower  disk,  and  integrate  fcNr  the 
whole  8ur£a.ce  of  the  upper  disk, 

J2irrdr€np  ^^A^A^a'^  I  T^-tan'^yjc^ 

=  ^,^.a-'(|-£taii-Vi').  (10) 

Between  the  limits  of  integration  we  may  write  with  a  saffident 
degree  of  approximation, 

At  the  centre  of  the  disk  p  =  l  and 

y  =  -,  which  agrees  with  (9). 
At  the  circumference, 

whereas  the  equation  (11)  gives 

'6\i     h 


-©'*=• 


80  that  when  b  la  very  small  compared  with  a,' the  value  of  y  cannot 
differ  greatly  from  that  given  by  equation  (11).  Hence  we  may  write 
the  expression  (10) 

v.«-[M^(|)'}%{0)'->}]-        (>') 

The  corresponding  quantity  for  the  action  of  the   upper  disk  on 
itself  is  got  by  putting  A^=A^  and  6  =  0,  and  is 

A,'a-'  I .  (13) 

In  the  actual  case   -4^  =  ^^  =  ^^,  where  E  is  the  whole  charge, 
and  the  capacity  is 

K> .  .  ,1    f" TTTT ?.  (1*) 


TT 


^!F©WGM' 


or,  since  in  our  approximation  we  have  neglected  l-\  ,  our  result  may 
be  expressed  with  sufficient  accuracy  in  the  form 

A'>?(«  +  i^61og^).  (U) 
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nring  that  the  capacity  of  two  disks  \^ij  near  together  ia  equal  to 
tt  of  an  infinitely  thin  disk  of  eomewhat  larger  radius. 

If  the  space  between  the  two  disks  ia  filled  up,  so  as  to  form  a  diak 

aenaible  thickness,  there  will  be  a  certain  charge  on  the  cuiTed 
!&oe,  but  at  the  same  time  the  charge  on  the  Inner  sides  of  the  disks 
U  disappear,  and  that  on  the  outer  sides  near  the  edges  will  be  di- 
nished,  so  that  the  capacity  of  a  disk  of  sensible  thickness  is  -very 
ie  greater  than  that  given  by  (15). 

We  may  apply  tbb  result  to  estimate  the  correction  for  the  thick- 
B  of  the  square  plates  used  by  Cavendish.      The  factor  by   which 

must  multiply  the  thickness  in  order  to  obtain  the  con'ection  for 

t  diameter  of  an  infinitely  thin  plate  of  equal  capacity  ia  ^  log  -^ . 

Tin  plate 600  1-017 

HoUow  plate  11  0381 

Portland  stone,  Ac. 30  0-540 

Slate    75  0-686 

The   correction  is  in   eveiy    case   much  smaller  than   CaTcndisb 


NoTB  21,  Arts.  277,  452,  473,  681. 

Calctdation  of  the  Capacity  of  the  Two  Circlet  m  Experiment  VI. 

The  diameter  of  one  of  the  circles  was  9'3  inches,  so  that  its  capacity 
len  no  other  conductor  is  in  the  field  is  — ^2'960.  The  distance 
tween  their  centres  was  36,  24,  and  18  inches,  which  we  may  call 

The  height  of  the  centres  of  the  circles  above  the  floor  was  about  45 
;bes,  BO  that  ibe  distance  of  the  image  of  the  circle  would  be  about  90 
:he8  and  that  of  the  image  of  the  other  circle  would  be  about 

r  =  {90'  +  c')i. 

Heace,  if  P  is  the  potential  of  the  circles  when  the  charge  of  each 
1, 


lere  the  first  term  is  due  to  the  circle  itself,  the  second  and  third  to 
ft  other  circle,  as  in  Note  11,  and  the  two  lust  to  the  images  of  the 
O  ciTCle&     We  thus  find  for  the  three  distances 


tfS  IKOTK  SSL 
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ll^ese,  11-212,  10-844, 


lS-5  umImb  in  diametor  and  it&  centre  was  41 
-,  »  thmt  ite  diaige  would  be  12*69  indm  cl 

ckM  get  Me  M  followB : 
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1-000 

1-000 

at  36  indieB 

•917 

•899 

24 

•884 

•859 

18 

•855 

•811 

Xon  22,  An.  28^ 

Eledne  Capaciijf  qf  a  Squcure. 

I  am  not  airu«  o£  anr  method  bj  wbich  the  capacity  of  a  aqoaie 
can  be  foond  exmctlj.  I  have  therefofe  oideaToared  to  find  an  approxi- 
mate Talne  br  diriding  the  square  into  36  equal  squares  and  calciilatiiig 
the  chazge  d  each  so  as  to  make  the  potential  at  the  middle  of  esck 
aqoare  equal  to  nnitr. 

The  potential  at  the  middle  of  a  square  whose  side  is  1  and  wHoee 
charge  is  1,  distribated  with  uniform  densitT,  is 

4  log  (1  +  ^)  =  3-52549. 

In  calculating  the  potential  at  the  middle  of  any  of  the  small  squares 
which  do  not  touch  the  sides  of  the  great  square  I  have  used  tliis 
formula,  but  for  those  which  touch  a  side  I  hare  supposed  the  valae  to 
be  3*1583,  and  for  a  comer  square  2*9247. 

A  B  C  C  B  A 

If  the  36  squares  are  arranged  as  in  the         B  D  £  £  D  B 

margin,  and   if   the    charges   of    the    comer         C  E   F   F   E  C 

squares  be  taken  for  unity,  the  charges  will         C  E  F   F   E  C 

be  as  follows:  B  D  £  E   D  B 

A  B  C   C   B  A 

A  B  C  D  E  F 

1*000      -599      -562      -265      -210      -201 

aud  the  capacity  of  a  square  whose  side  is  1  will  be  0*3607. 

Tlio  ratio  of  the  capacity  of  a  square  to  that  of  a  globe  whose 
diameter  is  equal  to  a  side  of  the  square  is  therefore  0*7214. 
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In  Art.  (154  Cavendish  deduces  this  ratio  &oin  the  measures  in 
4jt.  478  and  fiiids  it  0'73,  which  is  very  near  to  owr  result.  If,  how- 
»ver,  we  take  the  numbers  given  in  Art,  478,  we  find  the  ratio  0'79. 
Pfom  Art  S81  we  obtiiia  the  r&tio  0747. 

The  ratio  of  the  charge  of  a  square  to  that  of  a  circle  whoae  diarneter 
ia  equal  to  a  side  of  the  square  ia  b^  our  calculation  1  '1 33, 

In  Art.  648  Cavendish  says  that  the  ratio  is  that  of  9  to  8  or  1'123, 
p^hich  ia  very  dose  to  our  result,  but  ia  Arts.  283*  and  682  he  makes 
it  1153. 


The  nambers  given  in  Art.  478  would  make  it  1*176. 

Cavendish  supposes  that  the  capacity  of  a  rectangle  ia  the  same  as 
that  of  a  square  of  equal  area,  oud  he  deduces  this  from  a  compaiiaon  of 
Lho  square  15'5  with  the  rectangle  17'9  x  13'4. 

It  is  not  easy  to  calculate  the  capacity  of  a  rectangle  in  terms  of  its 
sides,  but  wo  may  be  certfun  that  it  is  greater  than  that  of  n  square  of 
aqual  area. 

For  if  we  suppose  the  electricity  on  the  square  rendered  immove- 
ible,  and  if  we  cut  off  portions  from  two  aides  of  the  square  and  place 
ifaem  on  the  other  two  sides  ho  as  to  form  a  rectungle,  we  are  carrying 
slectriclty  from  a  place  of  higher  to  a  place  of  lower  potential,  and  are 
therefore  diminishing  the  energy  of  the  system. 

If  we  now  mafea  the  electricity  moi-eablo,  it  will  re-arrange  itself 
jn  the  rectangle  and  thereby  still  further  diminiah  the  energy.  Hence 
:he  energy  of  a  given  charge  on  the  rectangle  is  leas  than  that  of  the 
nave  charge  on  the  aquare,  and  therefore  the  capacity  of  the  rectangle  ia 
than  that  of  the  square. 


NoTB  23,  Arts.  2S8  and  542. 

t/ie  Charge  of  the  Miiklk  Plata  of  Three  Paralkl  PlaUis. 

used  by  Cavendish  were  square,  but  for  the  purpose  of  a 
of  the  diatribution  of  electricity  between  the  three  plates 
them  to  be  throe  circular  disks. 

TBt  consider  two  equal  disks  on  the  same  axis,  at  a  distance  small 
sompared  with  the  radius  of  either. 

If  the  disks  were  in  contact,  the  distribution  on  each  would  he  the 
jame  as  on  each  of  lho  two  surfaces  of  a  single  disk,  and  it  would  be 
entirely  on  the  outer  surface. 

*  lo  Art.  383  of  this  booh  the  number  ia  printed  1-G3.    It  should  be  1-1G8. 


428  NOTE  23. 

If  the  distance  between  the  disks  is  veiy  small  compared  with  tbdr 
radii,  the  force  exerted  hj  one  of  the  disks  at  any  point  of  the  other  will 
be  nearly  bat  not  quite  normal  to  its  surface.  The  component  in  tbe 
plane  of  the  disk  will  be  directed  outwards  from  the  centre,  so  that  the 
density  will  be  greater  near  the  edge  than  in  a  single  disk  having  Uie 
same  charge,  bat  as  a  first  approximation  we  may  assume  th&t  the  sam 
of  the  surface-densities  on  both  sides  of  any  element  of  the  disk  is  the 
same  as  if  the  other  disk  were  away. 

But  the  density  on  the  outer  surface  of  the  disk  will  be  incressed, 
and  the  density  on  the  inner  surface  diminished,  by  a  quantity  nu- 
merically equal  to  the  normal  component  of  the  repulsion  of  the  other 
disk  divided  by  4^*,  and  the  whole  charge  of  the  outer  sur£su;e  will  be 
increased,  and  the  whole  charge  of  the  inner  surface  diminished,  bj  a 
quantity  equal  to  the  charge  of  that  part  of  the  other  disk,  the  lines  of 
force  from  which  cut  the  disk  under  consideration. 

Hence  the  charges  of  the  inner  and  outer  surfiices  of  the  disk  are 

—  o>  and  —  (a  —  0)) 
a  a^         ' 

respectively,  where  the  value  of  the  elliptic  co-ordinate  o>  is  that  cone' 
spending  to  the  edge  of  the  other  disk. 

If  a  is  the  radius  of  either  disk,  and  c  the  distance  between  them, 

cD=-^(c  74a* +  (?•-(?•)*. 

If  we  now  place  another  equal  disk  on  the  same  axis  at  a  distance  e 
from  one  of  them,  the  potential  being  the  same  for  all  three,  the  new 
disk  will  greatly  diminish  the  charge  of  the  surface  of  the  disk  which  is 
next  to  it,  but  it  will  not  have  much  effect  on  the  charges  of  the  other 
surfaces. 

The  result  will  therefore  be  that  the  charges  of  the  two  outer  disb 
will  together  be  greater,  but  not  much  greater,  than  that  of  a  single  disk 
at  the  same  potential,  but  the  charge  of  each  of  the  surfaces  of  the 
middle  disk  will  be  the  same  as  that  of  one  of  the  inner  sui^faces  of  a 
pair  of  disks  at  distance  c.  Hence  the  charge  of  the  middle  disk  will  be 
to  that  of  the  two  outer  disks  together  as  o)  to  a. 

If  we  substitute  for  the  square  plates  of  twelve  inches  in  the  side 
disks  of  13*8  inches  diameter  which  would  have  nearly  the  same  capa- 
city, then  if  the  distance  between  the  outer  disks  is  1*15  inches,  c  =  '575 
and  0)  =  1*936  and  a  =  3*5  w,  or  the  charge  of  the  middle  disk  would  be 
3*5  times  greater  if  the  other  disks  had  been  removed. 

If  the  distance  between  the  outer  disks  is  1*65  inches,  c=  '875  and 
0)  =  2*293,  whence  a  =  2*2  <o,  or  the  charge  of  the  middle  disk  would  have 
been  2*2  times  greater  if  the  outer  disks  had  been  removed. 

It  is  evident^  however,  that  in  the  assumed  distribution  the  potential 
is  less  at  the  edges  of  the  outer  disks  than  at  their  centres.     The  eie^ 
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tridty  will  tfaerefore  flow  more  towanU  the  edges  of  the  outer  dinks,  and, 
as  this  will  raise  the  potential  near  the  edge  of  the  middle  disk,  the 
charge  of  the  middle  disk  will  bo  less  than  on  our  aesumption.  I  have 
attempted  to  estimate  the  digtributioa  more  approximately. 

Cavendish  found  the  charge  of  the  middle  diak  \  and  ^  of  what  it 
'  old  have  been  without  the  outer  disks.  This  is  mach  less  thau  the 
t  approjdroation  here  given,  but  m-uch  greater  than  Cavendish's  own 
mate,  founded  on  the  assumption  that  the  distribution  of  electricity 
[owB  the  same  law  in  the  Uireo  platea. 


Note  2-1,  Aktb.  338,  652. 

I  the  Capacilff  of  a  Cowludor  placed  at  a  finite  distamx  /roni  other 
Conductors. 

Cavendish  has  not  given  any  demonstration  of  the  very  remarkable 
mula  given  in  Art.  33S  for  the  capacity  of  a  conductor  at  a  finite 
i  from  other  conductors.     We  may  obtain  it,  however,  ia  the 
following  manner. 

If  the  distance  of  all  other  conductors  ia  considerable  compared 
with  the  dimensions  of  the  positively  charged  conductor,  C,  whose 
capacity  is  to  bo  tried,  the  negative  charge  induced  on  any  one  of 
the  other  conductors  will  depend  only  on  the  charge  of  the  conductor 
C  and  not  on  its  shape.  This  induced  chaj^  will  produce  a,  negative 
potentaal  in  all  parts  of  the  field  i  let  us  suppose  that  the  potential  thus 

produced  at  the  centre  of  the  conductor  C  ia ,  where  £  is  the  charge 

of  C  and  a;  is  a  quantity  of  the  dimensions  of  a  line, 

If  £  ia  the  capacity  of  C  when  no  other  conductor  ia  in  the  field, 

1  the  potential  due  to  the  charge  £  will  be  j ,  and  the  potential, 

,  arises  from  the  negative  charge  induced  on  other  conductors, 

-,  BO  that  the  actual  potential  will  he  E  (j  — J. 

'  Dividing  the   charge   by  the   potential  we   obtain    for  the  actual 
^icity 


^  tbo  oapacity  is  increased  in  the  ratio  of  x  to  .r 


-I. 


The  idea  of  applying  this  result  to  determining  the  value  of  x  by 
comparing  the  charges  of  bodies,  the  ratio  of  whose  capacities  ia  known, 
is  entirely  peculiar  to  Cavendish,  and  no  one  up  to  the  present  time  seeniH 
to  have  attempted  anything  of  the  kind. 


430  NOTES  25,  26. 

The  height  of  the  centre  of  the  circles  above  the  floor  seems  to  hare 
been  about  45  inches.  If  we  neglect  the  undercharge  of  other  con- 
ductors and  consider  only  the  floor,  x  would  be  about  90  inches  in 
modem  measure,  but  as  a  capacity  x  is  reckoned  by  Cavendish  as  2c 
"inches  of  electricity,"  the  value  of  a;  in  ''inches  of  electridty" 
would  be  180. 

If  we  could  take  into  account  the  undercharged  surfaces  of  the 
other  conductors,  such  as  the  walls  and  ceiling,  the  ''  machine,"  &c.,  the 
value  of  X  would  be  diminished,  and  it  is  probable  that  the  value 
obtained  from  his  experiments  by  Cavendish,  166^,  is  not  far  from 
the  trutL 


Note  25,  Arts.  360,  539,  666. 

Capacities  of  the  large  tin  Cylinder  and  Wirea. 

The  dimensions  of  the  cylinder  are  given  more  accurately  in  Art 
539.  It  was  14  feet  8 '7  inches  long,  and  17'1  inches  circumferenoei 
Its  capacity  when  not  near  any  conductor  would  be,  by  the  formula  in 
Note  12,  22*85  inches,  and  when  its  axis  was  47  inches  from  the  flow  it 
would  be  31*3  inches,  or  in  Cavendish's  language  62*6  inches  of  ele^ 
tricity.  Cavendish  makes  its  computed  charge  48*4,  and  its  real  chai^ge 
73*6.  See  Art  666.  Now  the  charge  of  either  of  the  plates  D  and  £ 
was  by  Art  671,  26*3  inches  of  electricity,  so  that 

tin  cylinder  =  M9  (D  +  E). 

The  capacities  of  the  diflerent  wires  mentioned  in  Arta  360  sod 
539  are,  by  calculation. 


length. 

diameter. 

capacity. 

29 

1 

IT 

2-67 

22 

1 

2-09 

37 

•15 

313 

27*6 

•15 

2*46 

20*8 

•15 

1*88 

31 

•15 

2*71 

24 

•15 

2*28 

The  ratio  of  the  charge  of  the  first  of  these  wires  to  that  of  the 
second  is  1*37. 


Note  2G,  Art.  369. 
Action  of  Heat  on  Dielectrics, 

Tlie  effect  of  heat  in  rendering  glass  a  conductor  of  electricity  is 
described  in  a  letter  from  KiimerSey  to  Franklin*  dated  12th  March, 
1761.      He  found  that  when  he  put  boiling  water  into  a  Florence 

*  Franklin's  Works,  edited  by  Sparks  (185C),  Vol.  v.,  p.  807. 
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bsk  tie  could  not  charge  the  flask,  and  thst  the  charge  of  a  three 
fa)t  bottle  went  ireely  lliiough  without  injurmg  the  flask  in  the 
ut 

Fmnklin  in  hU  reply  deaeribes  some  experimenta  of  Canton'a  on 
in  gltiss  bull's,  charged  ttod  hermetically  sealed  itnd  ke]it  nnder 
hkter,  showing  "  that  when  the  glues  is  cold,  though  extremely  thin, 
B  electric  fluid  is  well  retajned  by  it." 

He  then  desci-ibes  an  experiment  by  Lord  Charles  Cavenduli, 
■owing  that  a  thick  tube  of  glass  required  to  be  heated  to  400°  F.  to 
Bider  it  permeable  to  the  ooniDion  cui-rent, 


A  portion  of  a,  glass  tube  near  the  middle  of  its  length  was  made 
Dlid,  and  wires  wei-e  thrust  into  tlie  tube  from  each  end  reaching  to  the 
elid  part  The  middle  portion  of  the  tube  was  bent,  so  that  a  portion, 
hduding  the  solid  part,  could  be  placed  in  an  iron  pot  iiiled  with  iron- 
A  thermometer  was  put  into  the  filings ;  a  lamp  was  placed 
mder  the  pot;  and  the  whole  was  supported  upon  glass. 

The  wire  which  entered  one  end  of  the  tube  wae  electrified  by  a 

machine,  a  cork  ball  electrometer  was  hung  on  the  other,  and  a  small 

wire,  reaching  to  the  floor,  was  tied  round  the  tube  between  the  pot  and 

the  electrometer,  in  oi-der  to  carry  off  any  electricity  that  might  run 

I  along  uiion  the  tube. 

"  Before  the  heat  waa  applied,  when  the  machine  was  worked, 
I  cork  balls  separated  nt  fijat  upon  the  principle  of  the  Leyden 
aL  £ut  after  the  middle  part  of  the  tube  waa  heated  to  600, 
B  oorka  continued  to  separate,  though  you  discharged  the  electricity 
y  touching  the  wire,  the  electrical  machine  continuing  in  motion.  Upon 
ting  the  whole  cool,  the  effect  remained  till  the  thermometer  waa  sunk 
I  to  400." 

Experiments  on  the  conductivity  of  glass  at  different  temperatures 
[  bAve  been  made  by  Buff*,  Perryt,  and  HopkinsonJ. 

Hopkinson  finds  that  it  B  is  the  specific  conductivity  divided  by  the 
I  ^eoific  inductive  capacity  and  multiplied  by  4ir,  then  for 

glass  N°.  2,    log  5  =  T-35  +  0-0415^, 

gla8aN°.7,    logS  =  4-17  +  0-0283ff, 

ibete  9  is  the  temperature  centigrade. 

OUsB  TS".  2  is  of  a  deep  blue  colour ;  it  is  composed  of  silica,  soda, 

iJT'.  7  is  "optical  light  flint,"  density  3'2,  composed  of  silica, 
1  lead;  almost  colourless,  tlie  surface  neither  "sweats"  nor 

•  AnnaUn  der  Chemie  unci  Pharmade,  xc,  (1854),  p.  357. 

+  Pro*.  B.  S.  1876,  p.  468. 

S  gkO.  Zfow.  167  11877),  p.  m.  m 
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timwlMpa  in  the  sISg^tMt  degrees    This  ^ba  mt  oidiiuuy  tempentoes  ii 
meoaaiAj  a  peifeci  inmlator. 

Tbe  oondiKtiTitT  <^  glan  wlien  heated  makes  it  Tery  difficult  to 
deiennine  its  c^iadtj  as  a  dielectric  It  appeazs  firom  the  experimeniB 
of  Hofikinaoa  on  passes  of  known  oomposidon,  Uiat  the  glaaes  made 
with  soda  and  lime  conduct  more,  and  are  also  more  subject  to  "ele^ 
trie  polarization^  and  ^residual  diarge"  than  those  made  with  potish 
and  lead. 

Both  the  candnctiTitj  and  the  sasoeptibility  to  residual  dunge  b; 
crease  as  the  temperature  rises,  and  this  makes  it  very  doubtful  whetlier 
the  apparent  increase  of  dielectric  capadty,  which  was  obserred  bj 
GaTcni&sh  and  also  bj  recent  experimenters,  is  a  real  increase  of 
the  ^mafic  inductiTe  c^Mieity,  or  merely  an  effect  of  incressed  oon- 
ducciTitT. 

The  experiments  of  Messrs  Ayrton  and  Peiry*  on  wax  at  dif- 
ferent temperatures  wouM  seem  to  indicate  a  r^  increase  of  die* 
lectric  capacity,  as  well  as  of  canductiYity,  as  the  temperature  rises 
up  to  the  mddi^  point  During  the  process  of  melting  the  capacity 
decreases  and  at  hi^ier  temperatures  b^ns  to  increase  again,  bat  the 
oonductiTity  continues  to  increase  as  the  temperature  rises. 


Note  27,  Aar.  376. 
EhctrotiaUe  eapaeUy  of  differtnl  $u^$ianee9, 

Carendish.     Bcdtzmann.        Wollner.  GordoiL 

Shellac    4*47  2*95  to  3*73         2746 

Ri>sin  2-55 

Rosin  and  bees'- wax  ...         3*38 
Dephlegmated  liees'-wax        3*7 

Plain  bees'- wax  4 

Sulphur   Schiller. 

EUmite   221  to 276 

Paraffin   1*81  to  247 

Black  caoutohou c    2*12 

vulcanized     2*69 


3-84 

2-88  to  3-21 

2-579 

315 

2-56 

2-284 

2-32 

1-96 

1-994 

2-22 

2-497 

Note  28,  Art  383. 
Crt/wnVy  o/  a  CylindriccU  Condenser. 

The  rule  by  which  Cavendish  computed  the  charge  of  a  condenser 
consistinfj^  of  two  cvlindrical  surfaces  having  the  same  axis  is  given  at 
Art  313. 

•  PkiL  Mag,  August,  1878. 
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If  7?  is  the  external  and  r  the  internal  radius,  and  I  the  length 
>f  the  cylinders,  then  Cavendish's  expression  for  the  "computed  charge" 
1  li  +  r  , 

The  true  expression  for  the  capacity  is 

1  I 


2   log  R  -  log  r 
vhen  the  logarithms  are  Naperian. 

We  may  express  log  i?  -  log  r  in  the  form  of  the  series 

^R-r     2  /R-rV     2  /R-rV     , 
^Rrr-'3[RTr)  "'n^"'*^' 
ind  we  thus  find  as  an  approximate  value  of  the  capacity 

ljR  +  r(.      l//?-rV      4  //?-rV      ,    ) 
rR^V''Z\RTr)  "IdKR-TrJ  ^^j' 

The  first  term  agrees  with  Cavendish's  rule,  for  the  "  capacity"  is 
lalf  the  "  inches  of  electricity,"  but  the  other  terms  show  that  Caven- 
lish's  rule  gives  too  large  a  value  for  the  computed  charge. 

The  following  table  gives  the  charge  as  computed  by  Cavendish 
ompared  with  that  given  by  the  correct  formula. 

Observed  charge 
by  computed. 

9-88 


Flint  jar 

cylinder 

Therm.  I. 
II. 

Green  cyl.  1 

2 

3 


Cavendish. 
85-9 


87-1 
110 
111 
77-2 
76-6 
40-8 


True. 

72-56 
73-59 
8-37 
7-84 
65-92 
61-54 
34-29 


8-83 
9-58 
10-29 
11-16 
11-22 
10-29 


Note  29,  Art.  437. 

Electrical  Fishes, 

The  fishes  which  are  known  to  possess  the  power  of  giving  electric 
bocks  belong  to  two  genera  of  Teleostoan  Fishes  and  one  of  Elasmo- 
ranch  Fishes,  and  the  position  and  relations  of  the  electric  organs  are 
ififerent  in  each. 

In  every  instance,  however,  the  electric  organ  may  be  roughly 
escribed  as  being  divided  in  the  first  place  into  parallel  prisms  or 
Dlumns  by  septa,  which  we  may  call  (with  reference  to  the  organ,  not 
le  fish)  longitudinal  septa,  and  in  the  second  place  each  column  is 
ivided  transversely  by  diaphragms,  the  structure  of  which  is  different 
I  the  different  fanulies,  but  in  every  case  the  terminations  of  the  nerves 

M.  28 
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lie  on  that  surface  of  each  diaphragm  which  during  the  discharge  beoomefl 
its  negative  surface. 

In  the  large  family  of  the  Torpedos  the  electric  organs  are  formed 
of  a  large  number  of  short  columns,  the  columns  running  from  the  beUj 
to  the  back  of  the  fish.  The  nerves  terminate  on  the  ventral  surface  of 
each  diaphragm,  and  the  electric  discharge  is  from  belly  to  back  through 
the  organ,  or  in  other  words,  the  back  of  the  fi^h  becomes  positive  witii 
respect  to  the  belly. 

There  seems  to  be  but  one  species  of  Gymnotus.  It  is  a  long  ed- 
like  fish.  Its  electric  organs  consist  of  a  smaller  number  of  very  long 
columns  running  frum  the  tail  to  the  head  of  the  fish.  The  nerves 
terminate  on  the  posterior  surface  of  the  diaphragms,  and  the  electric 
discharge  is  from  tail  to  head  through  the  organ,  or  the  head  of  the  &fa 
becomes  positive  with  respect  to  the  tail. 

There  are  three  species  of  Malapterurus  which  are  known  to  be 
electrical.  In  these  the  electric  organs  run  longitudinally.  Bilhaxi, 
observing  that  the  nerves  appear  to  terminate  in  an  expansion  like  tbe 
head  of  a  nail  on  the  posterior  surface  of  the  diaphragms,  concluded  that 
the  electric  discharge  must  be  from  tail  to  head  through  the  organ,  as  in 
the  Gymnotus.  Kanzi*  however,  and  afterwards,  independently  of  him, 
Du  Bois  Beymondt  found  that  the  discharge  is  really  from  h^  to  tul 
through  the  organ,  so  that  the  tail  becomes  positive  with  respect  to  the 
head,  and  Schultze,  who  had  been  led  to  believe,  from  a  comparisoii 
of  his  own  observations  on  the  organs  of  pseudo-electric  fishes  with  the 
drawings  of  Bilharz,  that  the  nerves  might  pass  through  the  diaphragms 
and  terminate  on  their  anterior  surfaces,  found,  on  examining  the  prep** 
rations  sent  him  by  Du  Bois  Beymond,  that  this  was  really  the  case  in 
Malapterurus,  so  that  we  may  now  assert  that  in  every  known  case  the 
terminations  of  the  nerves  are  on  that  side  of  each  diaphragm  which 
during  discharge  becomes  negative. 

The  origin  of  the  nerves  which  supply  the  electric  organs  is  difierent 
in  the  three  families. 

In  the  Torpedos  the  electric  nerves  are  derived  from  the  posterior 
division  of  the  brain.  Irritation  of  this  lobe  produces  an  electric  dis- 
charge of  the  organ,  but  no  muscular  contraction.  Irritation  of  other 
parts  of  tbe  brain  produces  muscular  contractions,  but  not  electric  dis- 
charges, unless  the  disturbance  -produced  affects  the  electric  nerves. 

In  the  Gymnotus  the  electric  nerves  arise  from  the  whole  length  of 
the  ppinal  cord,  and  in  Malapterurus  the  electric  organs  are  supplied 
by  the  2"'*  and  3"*  pair  of  spinal  nerves. 

The  electric  nerves  are  so  called  because  they  govern  the  discbarges 
of  the  electric  organ.    No  essential  difference  has  been  observed  between 

♦  Nnovo  Cimento^  Tomo  II,  Dicemhre  1856,  p.  447,  quoted  by  Dn  Boib  Ber- 
mond  "Zur  Geschichte  der  Entdeoknngen  am  Zitterwelse,"  Archiv  fur  Anatomit 
Phynologie,  &c.  Leipzig,  1859,  p.  210. 

t  Monattberieht  d.  k.  Akad,  Berlin,  1858. 
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Be  electric  jihoiioraena  in  these  nerves  and  those  in  other  nervee.  They 
faast  be  classed,  with  respect  to  oriyiu  as  woll  aa  function,  among  the 
looter  nei-ves.  The  only  difference  is  that  their  function  ia  to  govern 
'41ie  electric  diachargc  of  a  peculiar  organ,  ioBte^  of  the  contraction  of  a 
-mnscle. 

The  experiments  of  Dr  Davy*  and  those  of  Matteuccit  shewed 
i^t  the  iljschai^  of  the  Torpedo  pixxluces  all  the  known  phenomena 
«f  Rn  electric  diEcharge.  Furwlay^  did  the  same  for  the  Gymnotua, 
uad  Du  Boia  Eeymondg  for  the  Makpterunw. 

M.  Mareyll  has  recently  investigated  some  of  the  electrical  pheno- 
mena of  the  discharge  of  the  Torpedo.  He  employed  three  methods  of 
indicating  the  discharge,  the  prepared  leg  of  a  frog,  which  is  extremely 
•ensitive  to  the  feeblest  current,  but  has  the  disadvantage  that  the  time 
>«quire(l  for  the  contraction  of  tho  muscles,  and  still  more  the  time 
Toquired  for  their  relaxation,  is  many  times  the  period  of  the  recurrence 
of  the  electric  discharges  of  the  Torpeilo,  so  tlmt  the  mpidly  changing 
phases  of  the  discharge  cannot  be  distinguished  by  this  metliod. 

The  seeond  indicator  used  by  Mtirey  was  the  electroningnetic  signal 
of  M.  Deprez,  which  can  register  500  electric  curreots  in  a  second  by 
the  motion  of  a,  tracing  |>oint  over  the  smoked  surface  of  a  revolving 
ogrltDder.  The  action  of  this  instrument  was  sufficiently  prompt  to 
r^jister  the  number  of  the  separate  currenta  of  wliich  the  "continued 
£scl)arge "  of  the  Torpedo  consists.  It  was  not,  however,  sufficiently 
Benaitive  to  trace  the  curve  of  the  intensity  of  the  cun'ent  when  the 
strength  of  the  current  was  less  than  that  reijuired  to  work  the  tracing 
point,  and  tho  trace  therefore  represents  only  the  phases  of  greatest 
rtrcugth  of  current  in  each  separate  discharge. 

M.  Miirey  calls  each  separate  discharge  of  the  Torpedo  an  electric 
fiux. 

The  whole  discharge  consists  of  a  rapid  sncceasion  of  these  fluxes, 
at  the  rate  of  from  60  to  140  per  second,  gradually  decreasing  in 
intensity,  but  reinaining  sensible  sometimes  for  a  second  or  a  second  and 
K  half.  In  one  of  tlie  tracijigs  1 20  fluxes  may  be  counted  quite  distinctly, 
with  a  somewhat  irregular  continuation  of  feebler  fluxes. 

The  electromagnetic  signal,  however,  depending  on  the  attraction  of 
R  Bofl;  iron  armatm-e,  ia  acted  on  by  a  force  varying  nearly  as  the  square 
of  the  strength  of  the  current.  It  is  tlierefoi-e  unable  to  respond  to 
feeble  ciiiTents,  and  it  does  not  indicate  the  dii-eciion  of  the  currents, 
Bven  when  improved  in  certain  particidara  by  M.  Mai-ey. 

The  third  indicator  used  by  M.  Marey  was  the  capillary  electrometer 
of  H.  Lippmann.  In  tliis  instrument  a  capillary  glass  tube  is  tilled  in 
Uie  |uut  with  mercury  and  in  the  other  with  dilute  sulphuric  acid.     The 

{ire  of  the  mercuiy  is  so  adjusted  that  the  division  between  the 
•  Phil.  Tram.,  1834.                                      t  Compl/i  Rtnihu,  isa«, 
t  London  Uedical  GaaUi,  1638.                    |  Hcrlin  Uonatib.,  leCS. 
H  Travaiu  du  Laboraloire  de  M.  Marty,  m.  (1877). 
28-2 
I ^ Bk ^ I 


436  NOTE  29. 

two  liquids  appears  in  the  middle  of  the  field  of  a  microscope.  The  elec- 
trodes of  the  instalment  are  connected  with  the  two  liquids  respectively, 
and  when  a  small  electromotive  force  acts  from  one  electrode  to  the 
other,  the  surface  of  separation  of  the  two  liquids  is  seen  to  move  in  the 
same  direction  as  the  electromotive  force,  that  is  to  say,  the  m^coiy 
advances  if  the  electromotive  force  is  from  the  mercury  to  the  add,  and 
retreats  if  it  is  in  the  opposite  direction. 

This  instrument,  therefore,  is  admirably  suited  for  the  investigatioii 
of  small  electromotive  forces,  and  the  mass  of  the  moving  parts  is  so 
small  that  it  responds  most  promptly  to  every  variation  of  the  electro- 
motive forca  Its  only  defect  is  that  its  range  is  limited  to  the  electro- 
motive force  required  to  decompose  the  acid,  and  the  electromotive 
force  of  the  Torpedo,  as  we  know,  is  of  far  greater  intensity  than  this. 
M.  Marey  therefore  used  a  shunt,  so  as  to  diminish  the  force  acting 
on  the  electrometer  to  such  a  degree  as  to  be  within  the  working  limits 
of  the  instrument. 

He  thus  ascertained  that  the  back  of  the  fish  is  positive  with  respect 
to  the  belly,  not  only  on  the  whole,  but  during  every  phase  of  each 
flux,  and  that  it  does  not  sink  to  zero  between  the  fluxes. 

The  modem  researches  on  the  electric  fishes  would  seem  to  point  to 
the  conclusion  that  the  electric  organ  is  not  like  a  battery  of  Leyden  jan 
in  which  electricity  is  stored  up  r^uly  to  be  discharged  at  the  will  of  the 
animal,  but  rather  like  a  Voltaic  battery,  the  metals  of  which  are  lifted 
out  of  the  cells  containing  the  electrolyte,  but  are  ready  to  be  dipped 
into  them. 

There  seems  to  be  no  electric  displacement  in  the  organ  till  the 
electric  nerve  acts  on  it.  Tlie  energy  of  the  electric  discharge  which 
then  takes  place  is  not  supplied  to  the  organ  by  the  nerve ;  the  nene 
only  sets  up  an  action  which  is  carried  on  by  the  expenditure  of  energy 
previously  supplied  to  the  organ  by  the  materials  which  nourish  it. 

During  the  discharge  certain  chemical  changes  take  place  in  the 
organ.  These  changes  involve  a  loss  of  intrinsic  energy,  and  the 
chemical  products  found  in  the  organ  after  repeated  electric  discharges 
are  similar  to  the  products  found  in  muscles  filter  they  have  performed 
mechanical  work. 

The  organ,  by  relocated  discharges,  becomes  incapable  of  responding 
to  stimulation,  and  can  only  recover  its  power  by  the  gradual  process  by 
which  it  is  nourished. 

Faraday  proposed  to  try  whether  sending  an  artificial  ciurent 
through  the  Gyninotus  would  exhaust  the  organ,  if  sent  in  the  direc- 
tion of  the  natural  discharge,  or  would  restore  it  more  rapidly  to  \'igoar 
if  sent  in  the  opposite  direction.  The  only  experiments  on  the  efiect  of 
electricity  on  electric  fishes  seem  to  be  those  of  Dr  Davy,  who  found 
that  an  artificial  curi'ent  did  not  excite  the  electric  organs  of  the 
Torpedo,  though  it  had  an  effect  on  the  muscles,  but  less  than  on 
those  of  other  fishes,  and  of  Du  Bois  Reymond,  who  found  that  Malap- 
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e  was  very  slightly  affected  by  inducdon  currente  passing  through 
B  water  of  liis  tub,  though  they  were  strong  eoough  to  stuu  and  even 
■kill  other  fishes.  When  the  induction  currents  were  made  very  strong, 
%  fish  swam  nbout  till  he  had  placed  liis  body  transverse  to  the  lines  of 
■charge,  hut  did  not  ajipenr  to  be  much  annoyed  by  them*, 
J  The  most  vaJuublc  experiments  hitherto  made  are  probably  those 
tDr  Carl  Sachs,  who  went  out  to  Venezuela  in  1S76  for  the  express 
\puae  of  studying  the  Gymnotua  in  its  native  rivers,  with  all  the 
ionrces  of  Du  Boia  Reymond's  methods.  Dr  Sachs  lost  his  life  in 
L  Alpine  accident  in  1878,  and  as-  he  did  not  himself  publish  his 
cu'chee,  it  is  to  bo  feared  that  their  results  are  lost  to  science. 

Note  30,  Art.  560. 

)  of  redundant  fluid  on  positive  side  above  dejkienl  Jluid  on 
■negative  side  of  a  coated  j>late. 
I  When  two  equal  disks  have  the  same  axis,  the  first  being  at  potential 
ind  the  other  connected  to  the  earth,  the  algebraic  sum  of  the  charges 
the  two  disks  is  just  half  the  charge  of  the  two  disks  together  if  they 
e  both  raised  to  potential  V. 
If  the  two  dhiks  ar«  very  near  each  other,  the  charge  of  the  two 
'\  very  little  greater  than  that  of  one  by  itself  at  the  same 
mtial. 

Henoe  the  excess  of  the  redundant  fluid  above  the  deScient,  when 
s  of  the  disks  is  i-aised  to  potential  V  and  the  other  connected  with 

fca  earth,  is  veiy  little  greater  than  -  a7,  where  a  is  the  radius.     (See 

NoTB  31,  Art.  573. 
Iniensity  of  the  Sensation  produced  by  an  EUelrie  Diicltarge. 
Cavendish  tried  this  and  several  other  experimcnls  (Arte.  406,  573, 
|97r  610,   613)  to  determine  in  whtit  way  the  intensity  of  the  sen- 
ion  of  an  electric  shock  is  afi'ected  by  the  two  quantities  on  which 
>  physical  properties  of  the  discharge  depend,  namely  the  quantity  of 
)dtmduit  fluid    discharged,  and   the  degi-ee   of  electrification   before 
t  is  discharged,  the  resistance  of  the  discharging  circuit  being  Bup- 
i  constant. 

He  seems  to  have  eiijeoted  (Art.  597)  that  the  strength  of  tie 
^lAock  would  be  "aa  the  quantity  of  electricity  into  its  velocity,"  or 
in  modern  language,  as  the  product  of  the  quantity  into  the  mean 
strength  of  the  current  of  discharge.  Since  the  electromotive  force 
acting  (JU  the  body  of  the  opemtor  is  measui'ed  by  the  product  of  the 
Btreugth  of  the  cuirent  into  the  i-esistance  of  the  body,  which  we  may 
*  A  sumovhAt  eiteusire  soeonnt  of  tlie  anbjoct  is  giien  in  a  disBortation.  t)e' 
Feiei  itiUriei  t  paeiidoelttlrUi,  per  Stofuno  St.  Bihleonn  (di  Booaresti,  Bomanin), 
Ktfoli,  1S70. 
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fspccoe  eccstmct,   CftT«iMlisk*s  bvpodieais  would   make  the  iDtemdtj 
k€  lb*  sibxk  pcv-fKirdoiuJ  to  die  work  done  by  the  discharge  withm 


Accizn&xs  to  ilis  hTpothesu,  if  a  jar  chari^  to  a  given  degree 
f roii.-Ass  A  &L>:k  o<  a  certain  inteositr,  dien  a  charge  equal  to  n  tunes 
tae  cfA'^  fof  ihis  jar.  ccmmiinicated  to  m'  similar  jars,  and  discharged 
t&rci2££.  i^  sasie  nesLscazkce,  wonld  give  a  shock  of  equal  intensity. 

By  tbe  exferin^ent  reoooietl  in  Art&  406  and  573^  in  which  n  =  3, 
is  aroMkred  iLki  ihe  shock  given  by  four  jars  charged  with  the 
cl-e^r^r^^n-  c£  iwo  j^&rsw  w^fts  rather  greater  than  that  of  a  single  jar. 

la  lie  experiment  in  Art.  610  Cavendish  compared  the  shock  of 
JbkT  1  el^ciriSed  to  ^|.  with  that  of  ^i-2J  electrified  to  the  same 
oe^ET^^  azni  comm^ricated  to  the  whole  battery.  Here  the  captdtj 
vf  ^  -  fj  w:u  cqxiJkl  to  6  time*  jar  1,  and  that  of  the  whole  batterf 
wu  154  tiraes  jar  1.  so  that  6  times  the  quantity  of  electricity  com- 
dTiTixdiCc*!  ;o  154  jars  cave  a  shock  of  about  the  same  strength,  though 
as  Cdkvr^ii^h  remarks  ^as  there  is  a  good  deal  of  di^Terenoe  between  the 
»£;s&^^:c^  c/  the  twoi.  it  is  not  easy  comparing  them." 

Hi»f«  lo4  is  the  f|^  power  of  6,  so  that  the  shock  seems  to 
d^fpiec.^  richer  more  on  the  quantity  of  electricity  than  on  the  degree 
ctf"  elcvtrifctitxYi.  This  is  the  only  experiment  which  Cavendish  htf 
workted  cu:  to  a  n;imericaJ  results 


By  the  o:her  experiments  recorded  in  Art  610,  34 1  oomiDn- 
rSdted  to  7  rv>«^  gives  a  shock  equal  to  22  communicated  to  one 
rvw.  This  would  make  the  number  of  jars  as  the  4*3  power  of  the 
objir^^&     By  ArL  613  the  number  of  jars  would  be  as  the  3*3  power 


Ojkv  t:\Iisl  ::Aa  not  the  mesins  of  producing  a  steady  current  of  elec- 
trlviiv,  >uoc.  AS  wt  iivw  obiAiii  bv  means  of  a  Toltaic  batterv,  so  that 
be  s\ u". :  r.  :  vMso.Ttr  the  most  important  of  the  fact^  now  known  about 
:l;e  vV-vsi.^^i.-uI  ;w:ion  of  the  current,  nanielv.  tliat  the  effects  of  the 
c.:rr\:.:.  vkhtthtr  in  }  rvxiuciii^  sensations,  or  in  causing  the  contraction 
of  n.us.'-.'N  a-.i-end  f:ir  more  on  the  rapidity  of  the  changes  in  the 
s:r\ni::>.  v  t  tho  ourrvnt  than  on  its  absolute  strength.  It  is  true  that 
a  s:<.iiy  onrrvnt,  it  ci  sudBoiont  strength,  produces  effects  of  both 
kir.vtSv  Vu:  a  cv.rroi.:  so  we.ik  that  its  effect,  when  steady,  is  imjw- 
vVj^:i':'\\  rr>.:;;ot^  strvn^  effects,  K'»tb  of  sonsation  and  contraction,  at  the 
ui.^nients  vhen  the  cirviiit  is  closed  and  broken. 

Bn:  .s'.:I:o';j:h  this  mav  be  i.^>nsitKTed  as  established,  I  am  not  aware 
of  .^v.y  r\s<v»r\*hes  having  Iven  made,  fn^m  the  results  of  which  it  would 
W  |x\s>:Me  :o  ue:ern;ine,  frv^m  the  knowledge  of  the  physical  ckirscter 
of  :w,>  c^v'trio  aisohar^^s,  which  would  produce  the  greater  physiological 

Tie  ki:;vl  of  vuscllAri^^  most  convenient  for  experiments  of  this  kind 
is  t}..)t  in  which  the  current  is  a  simple  exponential  function  of  the  time, 

i»i:d  v^f  tiw  form 

f 
¥"•  -     • 


I 
\ 


V  COMPABISON   OF   ELECTRIC   SHOCKS,  4S9 

'here  x  is  tho  strength  of  the  current  at  the  time  t,  C  ita  strength 
t  the  beginning  of  che  discharge,  and  t  a  small  time,  vrliicli  we  may  call 
he  time-modulua. 

In  this  caae  the  whole  physical  nature  of  the  discharge  is  deter- 
mined by  the  values  of  the  two  conBtonts  0  and  t.  The  intensity  of 
he  aenstttion  proJuceil  by  tlie  discharge  ihixiugh  our  nerves  ia,  tliere- 
are,  some  funiitioa  of  these  two  constauta,  and  if  we  had  any  method 
f  ascertaining  the  uumencal  ratio  of  the  intensitiea  of  two  sensations, 
re  might  determine  the  form  of  this  funetion  by  ejtperiments.  We 
an  hardly,  however,  espcct  much  accuracy  in  the  coDipaJ'iaon  of  sensa- 
iona,  exi-ept  in  the  case  in  which  the  two  sensations  are  of  the  same 
:ind,  aiid  we  have  tojudge  which  is  the  more  intense. 

According  to  Johannes  Miiljer,  the  sensation  arising  from  a  single 
lerrecan  vai-y  only  in  oneway,  so  that,  of  two  aenaationa  arising  from  the 
ame  uerve,  if  one  remains  constant,  while  the  other  ia  made  to  increase 
roni  a  decidedly  lesa  to  a.  decidedly  gi-eater  ralue,  it  must,  at  some  inter- 
aediate  value,  be  equal  in  all  respects  to  the  first. 

In  the  ordinary  mode  of  taking  shocks  by  passing  them  tlirough 
hb  body  from  one  hand  to  the  other,  the  sensations  arise  from  disturb' 
dices  in  different  nerves,  and  these  being  afiectetl  in  a  difiereut  ratio 
ly  diacharges  of  different  kinds,  it  becomes  difficult  to  determine  wlie- 
her,  on  the  whole,  the  aensution  of  one  discharge  or  the  other  is  the 
nore  intense. 

[  find  that  when  the  handa  are  immersed  in  salt  water  tho  quality 
0  sensation  de{>ends  on  the  value  of  r. 

n  T  is  very  small,  say  O'OOOdl  second,  and  C  ia  large  onougli  to 
a  shock  of  easily  remembei-ed  intenaity  in  the  wrists  and  elbows, 
liare  is  very  little  skin  acnsiition,  whereas  when  t  is  comparatively 
arge,  say  001  second,  but  still  far  kio  small  for  the  duration  of  dis- 
:harge  to  be  directly  perceived,  the  skin  aeosatiou  becomes  much  more 
ntense,  especially  in  any  place  where  the  skin  may  have  been  scratched, 
to  that  it  becomes  abua^t  impossible  ao  to  concentrate  attention  on 
;he  sensation  of  the  internal  nerves  aa  to  determine  whether  this  part 
it  the  Bcosatiun  is  more  or  less  intense  than  in  the  discharge  in  which 
- 18  small. 

There  are  two  convenient  methods  of  producing  dischai-gea  of  this 

fl)  If  a  condenser  of  capacity  K  is  charged  to  the  potential  V, 
l^discliarged  thi-oitgh  a  circuit  of  tutal  resistance  H  (including  the 
V  of  the  victim), 

Che  vhole  quantity  discliarged  la    Q  —  Cr=  VK,   and  if  r  is  the 
e  of  the  body  of  the  victim,  the  work  done  by  the  discharge 

3  body  is 


440  I70TB  31. 

(2)  If  the  current  throngb  the  primary  circuit  of  an  induction  0(hI 
is  yy  the  coefficient  of  mutual  induction  of  the  primary  and  aeconduy 
coils  if,  that  of  the  secondary  circuit  on  itself  Z,  and  the  resistanee 
of  the  secondary  circuit  Ry  then  for  the  discharge  through  the  aeconduy 
circuit  when  the  primary  circuit  is  broken, 

I  first  tried  the  comparison  of  shocks  by  means  of  an  induction  coll, 
in  which  M  was  about  0*78  and  L  about  52  earth  quadrants,  and  in 
which  the  resistance  of  the  secondary  coil  was  2710  Ohm&  By  adding 
some  Grerman  silver  wire  to  the  primary  coil,  its  resistance  was  nude 
up  to  nearly  1  Ohm,  and  the  primary  thus  lengthened,  another  wire  of  the 
same  resistance,  and  a  variable  resistance  Q  were  made  into  a  dreait 
One  electrode  of  the  battery  was  connected  to  the  junction  of  the  two  equal 
resistances,  and  the  other  was  connected  alternately  to  the  two  ends  of 
the  resistance  Q,  so  that  the  current  through  the  primary  was  varied  in 
the  ratio  of  the  primary  P  to  P  +  Q,  while  the  resistance  of  the  batteij- 
circuit  remained  always  the  same.  When  the  smaller  primary  current, 
y,  was  interrupted,  I  took  the  secondary  discharge  through  my  body 
directly,  but  when  the  larger  current,  y\  was  interrupted,  I  made  thie 
secondary  discharge  pass  through  a  capillary  tube  filled  with  salt  sdo- 
tion  as  well  as  my  body. 

The  resistance  between  my  hands  when  both  were  immersed  in  salt- 
water was  1245  Ohms,  making  with  the  secondary  coil  a  resistance  of 
3955  in  the  secondary  circuity  so  that  the  time-modulus  of  the  discharge 
was  T  =  1*3  X  10~*  seconds. 

The  resistance  of  the  first  capillary  tube  was  370000,  so  that  when  it 
was  introduced  t  =  1*4  x  10~*. 

By  a  rough  estimate  of  the  comparative  intensity  of  the  shocks  1 
supposed  them  to  be  of  equal  intensity  when  y'  =  8*4y,  and  therefore  if 
we  suppose  that  two  shocks  remain  of  equal  intensity  when  C  varies  as 
t'',J9  =  0-468. 

By  another  experiment  in  wliich  a  tube  was  used  whose  resistance 
was  450000,  ^;=  0-534. 

When  the  shocks  at  breaking  contact  were  nearly  equal,  that  at 

making  contact  was  very  much  more  intense  with  the  small  primary 

current  and   small  secondary  resistance  than  with   the  large  primary 
current  and  largo  secondary  resistance. 

I  then  compared  the  discharges  from  two  condensers  of  1  and  01 
microfarads  capacity  respectively,  charging  them  with  a  battery  of 
25  Lechinche  cells,  the  electromotive  force  of  which  was  about  36  Ohms. 

Tlje  resistance  of  the  discharging  circuit  for  the  microfarad  was 
11200  Ohms,  including  my  body,  so  that 

T  =  112  X  10"'  seconds. 
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f  ttie  tenth  of  a  micro- 


B  values  of  G  were  invareely  aa  the  reaistaiices,  bo  tliAt  if  the 
iwo  shocks  were,  as  I  OBtimat«d  them,  nearly  equaJ,  the  value  of  ^ 
KO\i\A  be  0'C70. 

This  experiment  was  much  more  satififactoiy  and  more  easily  man- 
iged  than  that  with  the  induction-coil,  and  I  thought  it  desirable  to 
i})ply  the  aiime  method  to  the  comparison  of  the  contractions  of  a 
nuBcte  when  its  nerve  was  acted  on  liy  the  discharge.  I  therefore 
ivailed  myself  of  the  kindness  of  Mr  Dew-Smith,  wlio  prepared  for  rae 
^e  Bciatic  nerve  and  gastrocnemius  muscle  of  a  irog,  und  attached  the 
[treporation  to  his  myograph.  Tlie  discharge  was  conducted  through 
ibout  0'4  cm.  of  the  nerve  by  means  of  Du  Eois  Reymond's  unpolar- 
zable  electn>des,  the  resistance  of  the  electrodes  and  nerve  being 
35000  Oljms,  Wben  the  electrodes  were  in  contact  their  resistance 
waa  23000,  leaving  about  12000  aa  the  resiatance  of  the  nerve 
Iteelt 

I  naed  two  condensers,  one  01  microfarad,  and  the  other  an  air- 
fondensor  of  370  ccntiineti'es  capacity  in  electrostatic  measure,  or 
ibout  3  K  10~*  microfiirads. 

The  first  was  charged  by  one  ceil  and  the  second  by  25.  Tlie 
[«sifltance8  were  arranged  so  that  the  contractions  produced  in  the 
miiBcle  were  much  leas  than  a  third  of  a  uinxiinuui  contraction.  The 
iJiAcharges  were  made  alternately  every  15  seconds,  and  when  the 
resistances  were  S.'iOOO  and  140000  respectively,  the  alternate  couti'ac- 
Uons  as  recorded  on  the  niyogi'aph  were  as  follows : 


Small  coodcnBet.  Large  condenBcr. 

144  146 


Here  the  time-modulus  was  1-05  k  10^'  seconds  for  the  small  con- 
denser and  1-4  x  10"'  for  the  large  one,  and  the  values  of  C  were  as 
1  to  100,  so  that  p  = '640. 

If  we  suppose  that  Cavendish  took  the  shocks  through  pieces  of 
metal  held  in  his  hands,  tlie  rcaistanee  of  the  circuit  would  depend 
on  the  state  of  his  skin.  He  occasionally  used  a  piece  of  ap[iaratiis, 
which  he  nowhere  describes,  but  which  he  names  in  three  phices*  a 
shock -melter. 

From  Art.  .^83  it  would  appear  that  it  was  filled  with  salt  wat«r, 
even  when  fi-esli  water  was  the  subject  of  the  osiieriment,  and  from 
Art.  637  Cavendish  seems  to  have  considered  it  his  last  resource  as  a 
ntethod   of  receiving  shocks.      I    therefore   tliink  that  it  must  have 

■  AitB.  68S,  n22,  (137.    8m  tactinulc  at  p.  326. 
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been  an  apparatus  by  which  his  hands  were  well  wetted  with  salt 
water,  so  that  the  resistance  of  his  bodj  would  be  between  1000 
and  2000  Ohms. 

The  capacity  of  his  battery  of  49  jars  was  321000  glob,  inc.,  which 
comes  to  rather  less  than  half  a  miorofEkrad. 

The  discharges  of  this  through  2000  Ohms  would  have  a  time- 
modulus  of  about  one-thousandth  of  a  second. 

The  following  table  gives  the  different  results  obtained  by  CayendiBli 
and  by  myself  with  the  tim^modulus  of  the  discharges  compared.  The 
quantity  p  is  such  that  the  ratio  of  the  initial  strength  of  the  two 
discharges  is  inversely  as  the  p  power  of  the  ratio  of  the  time-moduli 
when  the  shocks  are  equal  in  intensity,  or 

^©^-  i.-(r-  ^(r-. 

The  number  of  jars  among  which  a  quantity  of  electricity  must  be 
divided  in  order  to  give  a  shock  of  a  given  intensity  through  a  gi?en 

redstance,  varies  as  the  -z power  of  the  quantity  of  electricity. 

Cavendish's  experiments. 

^,                                 ^.  P 

Art.  573    0-0000065  0-000026  0-5  + 

...    610     00000065  0-001  0652 

...    do.     OOOOU  0001  0-767 

...    613     000014  0-00042  0697 

Experiments  by  the  Editor. 

Induction-coil    0*000014  0-0013  0-4G8 

do.  0000011  0-0013  0')U 

Condcnsei-8         000036  0*0112  0070 

Exi>eriments  on  the  prepared  nerve  and  muscle  of  a  frog. 
000001  0-014  0-640 

This  value  of  p  does  not  differ  much  from  0*652,  the  only  result 
which  Cavendish  has  deduced  in  a  numerical  form  from  his  experiments. 

The  most  unaccountable  of  all  the  results  arrived  at  by  Cavendiah 
is  one  which  seems  to  have  perplexed  him  so  much  that  he  has  left  the 
account  of  the  experiments  among  which  it  occurs  in  a  very  imperfect 
Rtata  He  found  (Arts.  639,  644)  that  the  shock  of  a  Leyden  jar  taken 
through  a  long  thin  copper  wire  produced  a  more  intense  sensation  than 
when  it  was  taken  from  the  jar  directly. 

As  in  some  of  the  experiments  the  wire  was  wound  on  a  reel,  and 
therefore  the  self-induction  of  the  current  might  produce  an  oscillatory 
lischarge,  the  physiological  effects  of  which  might  be  different  from 
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those  of  the  simpls  dischftrge ;  T  charged  two  Leyden  jars  to  the  aame 
potential,  using  Ttiomsou'a  Portable  Electrometer  as  a  gaiige  eleo- 
trouieU-r,  and  tooV  the  dischftrge  of  one  through  the  socoTidary  wire 
of  ill!  induction-coil,  the  resiataaoe  of  which  waa  ubout  1000  Uhms, 
and  that  of  the  other  through  an  ordinary  redataiice-coil  of    1000 

In  every  trial  I  found  that  the  sensation  waa  more  intense  when 
taken  through  the  ordinary  resistance-coil  than  when  taken  tlirough 
the  inditct!on-ooi),  and  it  ia  manifest  that  in  the  latter  case  the  current 
begins  and  ends  much  iesa  ahruptly,  so  that  the  result  is  quite  in 
accordance  with  the  modem  theory,  that  the  sensation  depends  on  the 
lapidity  with  which  the  strength  of  the  cun'ent  changes.  I  am,  there- 
fore, quite  unable  to  account  for  the  opposite  result  obtained  by  Caven- 
dish. At  the  same  time  it  is  quite  impossible  that  Cavendish  could  be 
mistaken  in  this  comparison  of  the  intensity  of  his  sensations,  for  he 
had  moi'e  practice  than  any  other  observer  in  comparing  them,  and  he 
repeated  tliia  experiment  many  times. 

The  only  apparent  objection  to  the  experiment  is  that  the  resistnncfl 
of  the  copper  wires  was  only  430  in  one  case  and  only  1000  in  the 
otlier,  whei'oaa  the  resistance  of  a  man's  body,  from  one  hand  to  the 
other,  varies  from  about  1000  when  the  hands  are  thoroughly  wet,  to 
nbout  12000  when  they  are  dry,  so  that  the  resistance  of  the  copper  was 
small  com|Hired  with  the  possible  variations  of  the  resistance  of  Caven- 
dish's body. 

The  resistances  of  the  tubes  filled  with  solutions  of  salt,  ic,  were 
very  much  greater,  being  from  20000  to  900000, 


Note  32,  Arts.  398,  57C,  GS". 

Coiiipariton  of  t/ie  liealnCance  of  Iron   Wire  and  Salt   Water. 

Cavendish  never  published  the  method  by  which  he  made  this 
comparison,  but  the  result  given  in  Art.  396  seems  to  have  been 
accepted  by  men  of  science  on  Cavendish's  hare  word,  without  any 
question  as  to  how  it  was  obtained. 

It  appears  from  Art^  576  that  Cavendish  made  his  body  and  the 
iron  wire  the  branches  of  a  divided  circuit,  and  then  tried  how  many 
inches  of  salt  water  must  be  put  in  the  place  of  the  iron  wire,  so  that 
the  shuck  might  appear  of  the  same  strength. 

By  Matthtessen's  exjieriments  on.  the  resistance  of  metals,  the  re- 
sistance of  an  iron  wire  of  the  dimensions  given  by  Cavendish  would  be 
about  IDfi  Ohms.  As  this  is  much  leas  than  that  of  a  man's  body  from 
hand  to  hand,  it  would  have  made  hardly  any  difference  to  the  shook 
whether  Cavendish  took  it  through  his  body  alone,  or  through  his  body 
Mid  (lie  iira  wire  ia  amxa.  i 
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By  Qsing  the  iron  wire  as  a  shunt  and  increasing  the  discharge 
80  as  to  obtain  a  shock  of  easily  remembered  intensity,  Cavendish  vas 
enabled  to  compare  the  wire  with  a  column  5-1  inches  long  of  sat4ustod 
solution  of  salt. 

By  this  experiment  the  resistance  of  saturated  solution  of  salt  is 
355400  times  that  of  iron. 

By  the  statements  in  Art  398,  that  the  resistance  of  rain-water  is 
400,000,000  times  that  of  iron  wire,  and  720  times  that  of  a  saturated 
solution  of  sea-salt,  the  resistance  of  saturated  solution  would  be  555555 
times  that  of  iron  wire. 

It  is  true  that  this  result  given  by  Cavendish  does  not  agree  with 
the  only  experiment  he  has  recorded,  but  we  must  remember  that  it  is 
the  only  result  which  he  published,  and  therefore  he  must  have  thought 
it  the  best  he  had. 

By  Kohlrausch's  experiments  on  salt  solutions  combined  with 
Matthiessen's  on  metals,  the  resistance  of  saturated  solution  of  salt  is 
451390  times  that  of  annealed  iron,  when  both  are  at  18*^C.  The  ratio 
of  the  resistances  would  agree  with  that  given  by  Cavendish  at  a  tem- 
perature of  about  1 1*C. 

The  coincidence  with  the  best  modem  measurements  is  remarkahle. 
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Note  33,  Art.  619. 

Conductivity  of  Solviions  of  Salt, 

According  to  the  measurements  of  Kohlrausch*  the  electric  con- 
ductivity ^,  of  satui'ated  solution  of  sodium  chloride,  the  conductivity 
of  mercury  at  0°  C.  being  taken  as  unity,  is  given  by  the  equation 

Wk  =  1259  (1  +  0-0308i  +  0000146«"). 

When  the  temperature  is  near  18°  C,  we  may  use  the  equation 

lO^X;  =  2015  + 45-1  («- 18). 

Saturated  solution  at  18°  contains  according  to   Kohlrausch  264 

per   cent,    of    salt.       Cavendish's    saturated    solution    contained    :r^ 
*■  o'to 

of  salt,  which  is  equivalent  to  26*45  per  cent 

Kohlrausch  finds  that  saturated  solution  of  salt  is  one  of  the  best 
standard  substances  for  the  comparison  of  the  resLstance  of  other  elec- 
trolytes. Its  conductivity  seems  to  be  sensibly  the  same,  whether  it  is 
made  with  chemically  pure  salt  or  with  the  ordinary  salt  of  com- 
merce. The  temperature  coefficient  is  also  smaller  than  that  of  many 
other  electix)lyte& 

*  Wiedemami'B  Annalcn  Bd.  vi.  (1879)  p.  51. 
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For  other  Golutions  of  sodium  chloiide  he  finds  that  at  18° 
10'A;  =  13650;5- 22700/, 
where  p  ia  tho  pTOportiou,  by  weight,  of  the  salt  to  the  whole  solution. 
For  the  particular  aolutiona  examined  by  Cavendish  -we  have 
^  lO'i  rt'si.t^nce  in        rosUtoce  found 
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Note  34.  Aai. 

626. 

Conductiviti/  of  otfier  Solutions. 

The  subataQces  mentioned  by  Cavendish  are  easily  identified,  with 
die  exeeiitiou  of  "calc.  S.  S.  A."  and  "f  alk.  D."  The  weights  of  the 
quantities  fiimiah  no  indication,  for  they  are  so  large  as  to  show  that  a 
dilute  iiolution  was  used.  The  letters  A  and  D  probably  indicate  (Jie 
bottles  in  which  the  solutions  were  kept. 

The  exprcsaion  f,  alk.  or  fixed  alkali  occurs  in  several  parts  of 
Cavendish's  writings,  eBpecinlly  in  the  maniiscripta  lithogi-aphed  by 
Mr  Vernon  Harcoui-t  in  the  Heport  qf  the  Brilhh  Ataodalion  for  1839. 
It  certainly  means  pearl  ashes  or  cirbonate  of  potash.  The  full  title 
eeenis  to  have  been  alkali  JljTiim  vegetabiie,  as  dutinguished  from  alkali 
Jijctivi  foBgiU,  which  is  aodic  cai'bonate,  and  other  writers  seem  to  have 
used  the  cxjireasion  fixed  alkali  fur  either  of  these,  but  Cavendish  always 
uses  the  expreHsion  as  a  synonym  for  pearl  a&hes,  and  diatinguishes 
potnssic  hydrate  by  the  name  of  "sope  leys." 

Tiie  conductivity  as  determined  by  Cavendish  agrees  much  better 
with  potnssic  carbonate  than  with  potaasic  hydrate,  the  conductivity  of 
which  is  mucli  greater. 

It  seems  likely  that  calc.  S.  S.  wna  sodio  carbonate,  and  the  con- 
ductivity would  agree  very  well  with  this  explanation,  only  it  is  difficult 
to  find  among  the  names  in  use  at  the  time  any  which  could  be  written 
ilk  this  form.  Mr  Maine  has  suggeEtcd  Calcined  Salnola  iSoda.  The 
burnt  seaweed  from  the  shores  of  the  Mediterranean,  from  which  soda 
was  often  extracted  was,  I  believe,  called  salsola,  but  I  doubt  whether 
the  word  soda  was  then  iu  uae. 

The  weights  of  the  other  substances  are,  when  reduced  to  penny- 
weighti,  ntit  very  far  from  the  equivalent  numbera  now  received,  byilrogcu 
being  tAken  as  the  unit 
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The  most  remarkable  exception  is  common  salt  itself^  the  solation 
of  which  was  one  in  29,  and  therefore  in  1116  there  were  37 '2  parts 
of  salt.  Now  the  equivalent  of  NaCl  is  58*5,  which  is  veiy  mach 
greater. 

Besides  this  the  conductivity  of  a  solution  of  salt  in  29  of  water 
would  be  much  less  in  comparison  with  that  of  the  other  solutioDs 
than  would  ap|>ear  from  Cavendish's  results,  whereas  if  we  assome 
that  the  molecular  strength  of  the  salt  solution  was  reallv  the  same  as 
that  of  the  other  solutions,  the  numbers  do  not  differ  much  from  thoee 
given  by  Kohlrausch. 

The  following  table  shows  the  results  obtained  by  Cavendish  and  by 
Kohlrausch. 

WVurht  ConductiTtty        Condncthrlty 

Name  iriren  by  Modern  „.«r  kI  Modern  found  by  fmiad  by 

Cavendish.  S}-mboL  r^f^nSS.        equivalent         C^vendsh.  KohlnoKlL 

t^vendian.  jg^  ^^^  _,  ^^         ^  jj^q  _  j^j 

Sea  Salt  NaCl  87*2?  68-6  1-00  1-00 

SalSylvii  KCl  74  74-6  108  1-21 

Sal  Ammoniac  NH^Cl  61  63-5  1*13  1-17 

^taU^^  ^^^''^^'''^       4Na,S0,  69  71  0-696  0-95 

Quadrangular  Nitre       NaNO,  89  85  0887  0-91 

Calc.  S.S.  iNa,COg ?  +  a-H^O  346  83  +  18*  0852  072 

f.  alk.  iKjCO,^a;H,0  139  99  + 18a;  0819  0-96 

OU  of  Vitriol  iH,SO.  48  49  0-783  1-23 

Spirit  of  Salt  JHCl+xHjO  130  86-6 +  18*  1*72  197 

The  theory  of  the  electric  resistance  of  electrolytes  has  been  put  on 
an  entirely  new  footing  by  M.  F.  Kohlrausch,  who  has  not  only  measured 
the  resistance  of  a  large  number  of  solutions  of  different  strengths  and 
at  different  tempemtiires,  but  has  discovered  that  the  conductivity  of  a 
dilute  solution  of  any  electrolyte  in  \vater  is  the  sum  of  two  quantitios, 
which  we  may  call  the  specific  conductivities  of  the  components  of  the 
electrolyte,  multiplied  by  the  number  of  electro-chemical  equivalents  of 
the  electrolyte  in  unit  of  volume  of  the  solution.  (Since  the  components 
of  an  electrolyte  are  not  themselves  electrolytes,  it  is  manifest  that 
they  can  have  no  actual  conductivity,  but  the  number  to  which  we  maj 
give  that  name  is  such  that  when  any  two  ions  are  actually  combined 
into  an  electrolyte,  the  conductivity  of  the  electrolyte  depends  on  the 
sum  of  their  respective  nimibers.) 

Kolilrauscli  has  also  calculated  the  actual  average  velocity  in  millimetres 
per  second  with  which  the  components  are  carried  through  the  solution 
under  an  electromotive  force  of  one  volt  per  millimetre;  and  on  the 
hypothesis  that  the  components  arc  charged  with  the  electricity  which 
travels  with  them,  he  has  calculated  the  force  in  kilogrammes  weight 
which  must  act  on  a  millignimme  of  the  component  in  order  to  make 
its  average  velocity  in  the  solution  one  millimetre  jier  second. 

It  appears  to  me  that  the  simplest  measure  of  the  specific  con- 
ductivity of  an  ion  is  the  time  during  which  we  must  suppose  the 
electnc  force  to  act  upon  it  so  as  to  generate  twice  its  actual  average 
velocity.  If  we  suppose  that  all  the  molecules  of  the  ion  are  acted  on 
hy  the  electromotive  force,  but  that  each  of  them  is  brought  to  rest  hj 
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a  collision  with  a  molecule  of  the  opposite  kind  n  times  in  a  second,  then 
the  average  velocity  will  be  half  that  which  the  force  can  communicate 
to  the  molecule  in  the  n^  part  of  a  second. 

According  to  the  theory  of  Clausius,  it  is  only  a  small  proportion, 
say  1/pf  of  the  molecules,  which,  at  any  given  instant,  are  dissociated 
from  molecules  of  the  other  kind,  so  as  to  be  free  to  move  under  the 
action  of  the  electromotive  force,  so  that  we  must  suppose  each  of  the 
free  molecules  to  continue  free  for  a  time  pT ;  but  since  the  proportion 
of  free  molecules  to  combined  ones  is  quite  unknown,  the  only  definite 
result  we  can  obtain  from  Kohlrausch's  data  is  a  certain  very  small 
time  T,  such  that  if  the  electromotive  force  acted  on  the  molecules  of 
the  component  during  the  time  T,  it  would  impress  on  them  a  velocity 
twice  their  actual  average  velocity. 

Since  the  time  T  is  very  small,  it  is  more^  convenient  to  speak  of 
the  molecule  being  brought  to  rest  n  times  in  a  second,  and  to  cid- 
culate  71. 


Salts  with 
nuiyalent  acids. 

Univalent 
Metals  with  bi- 
valent acids. 

n  X  10-»^ 

T  X  W 

( 

n  X  10-*° 

T  X  W 

H 

•  15941 

6273 

11. 

26732 

3741 

K 

2354 

42480 

k; 

2844 

35160 

NH, 

5297 

18880 

(NH,). 

6719 

14883 

Na 

6131 

16310 

Na. 

8730 

11455 

Li 

30214 

3310 

Li. 

55430 

1804 

Ag 

1030 

97087 

Ag^ 

1275 

78431 

a 

2551 

39200 

SO 

2305 

43384 

Br 

1030 

97087 

CO 

4071 

24564 

I 

637 

156986 

m 

F 

7848 

12740 

Bivalent  MetAlB 

•   CN 

3433 

29129 

with  80^. 

NO, 

1569 

63735 

Mg 

26480 

3776 

CIO, 

1324 

75529 

Zn 

11281 

8866 

C.H,0. 

3286 

30432 

Cu 

11772 

8496 

i^ 

2207 

45310 

SO. 

4218 

23708 

ISr 

3581 

27925 

V 

|Ca 

8681 

11520 

|Mg 

16180 

6180 

iZn 

6817 

14670 

hCVL 

4806 

20807 

Note  35,  Art.  654. 

On  tlie  Ratio  of  the  Cha/rge  of  a  Globe  to  thcU  of  a  Circle  of  the  same 

Diameter. 

The  true  value  of  this  ratio  is  J7r=  1-570796.... 

Cavendish  has  given  several  different  values  as  the  results  of  his 
experiments. 
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In  the  account  of  his  experiments,  which  represents  his  most  matured 
conclusions,  he  states  this  ratio  as  1*57  {Art.  237). 

All  the  other  values,  however,  either  as  stated  hj  Cavendish  or 
as  deducible  from  his  experiments,  are  lower  than  this. 

In  Art  281  the  charge  of  the  globe  of  12*1  inches  diameter  being  1, 
that  of  a  circle  18*5  inches  diameter  is  given  as  '992.  The  ratio  of  tie 
charge  of  a  globe  to  that  of  a  circle  of  equal  diameter  as  deduced  from 
this  is  1-542. 

In  Art  445  the  charge  of  the  globe  is  compared  with  that  of 
a  pasteboard  circle  of  19*4  inches  diameter.  Cavendish  gives  the  acto&l 
observations  but  does  not  deduce  any  nimierical  result  from  them,  whick 
shows  that  he  did  not  attach  much  weight  to  them.  As  they  seem  to 
be  the  earliest  measurements  of  the  kind,  I  have  endeavoured  to  in- 
terpret the  observations  by  assuming  that  the  positive  and  negatiire 
separations  were  equal  when  the  observations  are  qualified  in  the  same 
words  by  Cavendish. 

I  thus  find  14'2  or  14*3  for  the  charge  of  the  globe,  and  15*2  for 
that  of  the  circle,  and  from  these  we  deduce  for  the  ratio  of  the  charge 
of  a  globe  to  that  of  a  circle  of  equal  diameter  1  *5054. 

In  Art.  456  the  ratio  as  deduced  by  Cavendish  fix>m  the  ohsenratioiB 
on  the  globe  and  the  tin  circle  of  18*5  inches  diameter  is  1*56. 

From  the  numerical  data  given  in  the  same  article,  the  ratio  would 
be  1  -554. 

Cavendish  evidently  thought  the  result  given  here  of  some  Talae,  for 
he  quotes  it  in  the  foot-note  to  Art  473. 

Another  set  of  observations  is  recorded  in  Art  478,  from  which  we 
deduce  the  ratio  1*561. 

It  appears  by  a  comparison  of  Arts.  506  and  581  that  Cavendish,  at 
the  date  of  the  latter  article  (which  is  doubtful),  supposed  the  ratio  to  be 
1*5.     (See  foot-note  to  Art,  581.) 

At  Art  648  the  ratio  is  stated  as  1*54. 

At  Art  654  measures  are  given  from  which  we  deduce  1*542  and 
1-37. 

The  numbers  in  Art  682  are  the  same  as  those  in  Art  281. 


M{Fr(mK  Ulrirh  Theodor.  b,  173-1, 

1 1809)  I,  13i,  340,  S4y 

a'  eiperiment  134.  340,  549 

I  between   pktea   not  chErged  344, 

Gil,    61G 

trioity  to  118—125,  308, 

■ottio  pro[>ertie8  of  99 ;  electrified 

Q7,  358;  molecular  conatitafiou  of 

ft  knd  notes  6  end  IS ;  electrio 

mena  illiutrated  b?  means  of  206 

«ofl34,  340,  457,517,  £60 


JTAtiiB  taz  ttTing  oborges  340,  395 
fl^ndji  176,  277.  317.  348 
Ask  690 

Auistaut  242,  660 
Atmospheres,  electric  IQu— 108 
Attmctiou  100—117.  197,  209,  210,  not 
8 ;  not  caused  by  Torpedo  4D8 

B. 

B,  coDtcd  plate  593 
B,  Double  4S5— 457,  47S,  483, 489 
Bnlung  vamisbed  plateit  49  U 
Ball  or  tbermometer  tube  533 
Barometer  lubes  as  Leydcn  viata  C3G 
,   fioBket  for  Torpedo  CIS 


BrsM  plate  of  trial  plate  297 

Brass  plates  611.  ul6 

BreaMiig  of  electricity  throngb  ijlii'ss 


Cale.  a.  S.  A.  636,  604  and  uot«  34 
CaUbration  of  tubes  383,  383.  633— C35 
Calipers  459 
Cimal  40,  GS,  69  i  bent  48.  49,  i 


Canton,  Jolm,  F.R.a  {1718—1773)  117, 


Cement  303,  484,  467 

Centre  of  auapeusiou  338 

Chain  425,  428,  431 

Chain  machine  433,  605,  613 

Charge  defined  337 ;  doe»  not  depend 
'On  material  68 ;  of  similar  bodies  as 
diameters  71 ;  of  thin  plate  inde- 
pendent of  thickness  73 ;  of  coudeu- 
sera  not  affected  by  other  bodies  317, 
443,  S55;  of  coated  plates  greater 
than  bj  theory,  333 ;  ■  intended '  816 ; 
■oompnted' 311,398,377,458;  'real' 
313.  377 ;  with  strone  eleotrifioalioa 
S56.  357,  451,  539 ;  with  weak  858, 
4C3,  630;  with  negative  453;  effect  of 
temperature,  3 
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TmhU*:  of  bttttery  412 ;  diyided 


Chtfgmg  )tt  223,  Si5 

Cireks273 

Cirrait,  diTided  S97,  417 

Coftted  lOfttcs  800,  S14. 441 ;  theory  of, 

74.  IGO,  169;  lists  of,  see  ToMm 
Cofttmgs,  dectdei^  does  no!  reside  in 


Cohmm  14S—147 

Conmiimealioii  lOO^  219 ;  of  ehArge  to 

iHOIeiT  414,  618 
ConpensoQ  of  charges  2S6 
Compoond  pUle  379-^1,  560,  677^ 

€VMii|««6sioii  (or  preflBore)  179^  distin- 

(uished  fJKMB  coodmsatioii  200 
Compated  duoge  Sll,  S12 
CondMisalkiD  distinguiahed  firom  com- 

|«««sioii200 
C^ttdiictko  br  hot  c^ass  969 
CoDdnctiTitj  469,  491 ;  of  stravB  565 
Conductor  defined  96 
Oone^  attTMtioa  on  psrtide  at  Tsrtes  T 
Ocaieal  points  eeeape  of  eleetrieify  froB 

124  and  note  9 
Contaci  306 ;  impoesible  196  note ;  of 

biaas  and  gU»  ^41,  558 
Copier  vii>\  resistance  of  636—646 
Cork  baU*  116,  117.  441,  451 
CounttTpois^e  5^ 
Crown  gUs5  301.  330,  37^,  411,  430, 

CyUuder  ^4,  14^$^1$1 ;  char^  of  2S1, 
*i5— 5S7  and  note  li;  two  153  and 
nv>«e  13 :  gUss  coaled  3S3,  454,  479; 
lar^e  tin  3c<^  539  and  note  25 

D. 

D.  cv>ati\l  pUte  4$3.  4^7 
IVtU  5Vi\  <k>9 
IVficiett  fluivl  ^T,  cote 

Canal  40 
Char^  237 
CommuKu-ativ^n  lOO 
CorDprc5sii>n  199 
Compnt<\l  char^  311 
Condensation  200 
Conductor  98 


Deficient  flnid  67,  note 

Distance  of  spreading  828 

Electrification  102,  201 

ImmoTeable  flnid  12 

Inches  of  electricity,  drcnlar  458, 648; 
globular  654 ;  square  648,  654 

Incompressible  fluid  69 

Insulation  100 

Non-conductors  98 

Observed  charge  325 

Orercharge  6,  201 

Beal  charge  813 

Bedundant  fluid  18 

Saturated  body  6 

Undercharge  6 
Degrees  of  eleotrificaiion  829,  856;  of 

electrometer  560,  note 
Dephlegmated  wax  871,  875, 518 
Discharge  ducided  897,  417, 576, 597,613 
Distance  to  whSeh  electrieity  qvesdi 

809,8221,828 
Dividing  machine  841,  459,  517,  591 
Divisions  of  trial  plate  297 
Double  plates  888 

E. 

E.  andF.  457 
Earth  connexion  258,  271 
Electric  organ  of  torpedo  396,  note  29 
Electricity  an  elastic  fluid  195 ;  diffoflcd 
through  bodies  not  electrified  216; 
inches  of  647,  648 
Electrification,  degree  of  102,  201  and 

note  7 
Electrodes,  large  258,  271 
Electrometer : 
CaTcndish's  discharging  402, 405, 427, 

430,  434 
gauge  (paper  cylinders)  224,  248,  29d, 
495.  511,  524,  542,  559 ;  new  wood 
525.  563 
Divisions  of  560,  note 
Henly's  559.  568.  570,  571,  580 ;  ou 

rod  569 
Lane*8  263,  339,  559,  569,  570,  571, 

.>'?0.  5S9.  603,  004 
Fapor  cylinders  4S6 
Pith  bail  581 

Straw  249.  404,  559.  570,  571.  581; 
with  variable  weights  387;  eorb 
441,  451.  566 
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Teating  244,  39fi,  958,  359 
Eaglish  plate  glaxa  SOI,  106 
Eqniralent  thickness  of  eonipiiiuid  pktee 

370 
Error,  greater  vritb  oonted  plsteH  tbtta 

with  simple  conductors  399  ;  piobabla 

of  eatimatioD  of  cnpocit;  260.  201 ; 

in  Eip.  I.  231;  dneto  oneqnnl  obuTg- 

uig250 
Excess  of  rednodaut  fluid  in   coated 

pistes  560  aad  note  30 
Experiment  I.   318,  333,  391,  513,  663 


n,  336,  ags.  sci 

m.  265,  467 

lY.  269.  293,  471,  ' 


TIU.  380.  643  and  note  Si 


Fur  «trBW  564 
f.  aU  637,  6<J4 

Flnnnel  314 

Floor,  effect  of  335- 

Flonmco  fliiBk  531 ;  buttery  521 

Fluid,  electric  1S5.  216,  note  I ;  reiJ  91 ; 

incottipreftBihlo  69,  94.  336,  373,  376, 

278.  394,  3(8  and  uole  3 
Foroe  Dear  an  electrified  surface   164 ; 

inversely  as  sqiiuo  of  diElance  333, 

513.613,562  and  note  17 
Fore  atiil  back  room  469 
Prune  placed  below  ciroloB  274 
Frunes  231 
Fr&nklin,    Benjunin,    F.R.S.    (1706— 

1790)  330  note,  363 
Fringe  ol  dirt  on  coated  plates  308,  336, 


Oeuerol  canclaaion  391 
Gilt  straws  349,  304,  6li7 
UUus.  diSereat  electric  qaalities  of  301, 
333 

Glass  liottse  378 

GUaber'a  salt  626,  694 

Globe,  charge  of  compared  with  that  of 

eirele  237,  283,  145,   456,   456,  654, 

681.  687,  note  36 
Globe,  electrifled  20—27,  280;  capacity 

of  381,  383:  compared  with  doabls 

plate  333,  331 
Globe,  meaning  tbe  world  311 
Globe  of  electrical  machine  248,   195, 


C63,  51 


569 


Globe  within  hcmiapberea  318,  GIS,  562, 

note  19 
GLobea.  coated  633,  613.  650,  G63 
Gradual  spreading  of  eteotridt;  303 

Guide  for  tbe  eye  219,  626,  671 
Gam  lac  371,  371,376 
Gymnotna  137,  601 


Bamilton,    Dr,    Prof,    of   Philoaopby, 

Dublin  (Prieatley,  p.  139)  126 
Heat,  effect  on  charge  of  ^aas,  &e.  SGG, 

3GS,  518,  549,  566,  680,  note  23 
Heat  prodoced  by  corrent  213 
Height  and  auo  of  room  335 
HetoispbereB  219 
Henly  (William,  F.B.S.,  d.  1779)  j  linen 

draper  in   London;  his  electrometer 

G59,  568,  569,  680 
Hissing  uoisa  before  spark  313 
Hot  glass  a  condnctor  369,  note  36 ; 

Dotopared  witb  cold  366,  'MS 
Hunter  (.liihn,  F3.3.,  I).  1728,  d.  1793) 

436,601,  611 
Hygrometer  corks  153  ;  Bmeaton'a  168 ; 


Ilypothes; 


a  168 
(3,31 


£38 


Ouden,  copper 

S13 
GAU|[e  eloclrometer  334, 


I. 


Immoveable  fluid  IS,  351 
Incbes  of  electricity  158,  013.  664 
Incompressible  fluid  10,  236,  373,  376, 
stretched  round         378,  391,  318  and  note  3 

Increase  of  charge  of  globe  due  to  In- 
duction 330,  663  and  note  34 
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Indnotion  44—47.  175—194.  277,  287, 

202  sq.,  275,  277,  288.  834,  335  ;  cal- 

eolation  of  338 
InstantaneonB  spreading  of  electricity 

307,  319—323.  326 
Insolation  100 
Iron,  condoctiTity  of  398,  576,  687,  note 

32 

J. 

Jar  223 ;  capacity  of  jars  573,  581 

E. 

Einnersley  (Ebenezer.  Physician  in  Phil- 
adelphia, b.  1712)  126,  136.  213 ;  see 
new  experiments  of  electricity,  Phil, 
Trans.  1763,  1773 

Enob  for  discharging  511,  572 

L. 

Lac  371,  374,  376.  518.  520  . 

Lac  solotion  494 

Lane,  Timothy,  F.R.S.  (b.  1734,  d.  1804) 

136,  213,  601 
Lane's  electrometer  263,  329,  540,  544, 

669,  569,  670,  671,  680 
Law  of  electric  foxve  from  Exp.  I.  291, 

note  19 
Leakage,  electric  260,  264,  303 
Leather  608 

Lcyden  vial  128,  206,  313,  363,  389 
Light,  Newton's  fits  354 
Light  round  the  edge  of  coating  307, 

326,  532 ;  brightest  at  first  charging, 

310 
Limetree  wood  588,  611 

Linen  thread  244 

Lines  of  discharge  of  torpedo  400 

Link  602 

Loops  of  chain  433,  605 

M. 

Machine  for  trying  coated  plates  295, 
337,  340,  366,  495 ;  new  for  measuring 
thickness  517 

Machine,  electric  242 

Magazine  of  electricity  207,  521,  663 

Mahogany  590 

Matter  4 

Maximum  densi^  of  electric  fluid  20 
and  note  1 


Measurements  of  apparatus  819,  ^ 

273,  275,  466,  472 
Mechanism  for  Exp.  L  222 
Mercury  366 

Metals,  conducting  power  397,  398 
Method  of  trying  charges  241,  note  17 
Method  of  the  work  2 
Michell  (Bey.  John,  F  JI.S.,  d.  1793)  U 
Mineral  water  warehouse  415 
Moist  wood  392 
Moment,  statical  388 
Moveable  electricity  in  glass  350 
Moveable  fluid  12,  360 

N. 

Naime,  Edward,  F.R.S.,  d.  1806 ;  Mr  K. 
601 ;  plates  from  482  (315);  jar  568; 
electric  machine  559,  568 ;  his  ovn 
large  one  680  ;  his  manner  of  laeqn^T' 
ing  496 ;  his  batteries  585,  616 

Needle  discharger  672 

Negative  electrification  463 

Newton  18,  19,  97 

Newton's  fits  354 

N.  0.  P.  Q.  459,  462,  692 

Nuremberg  glass  301,  376,  497 

0. 

Oblong,   charge  of  284,  479;  coatings 

320 
Oil  of  vitriol  626,  694 
Overcharge  6 

P. 

p  =  ratio  of  charge  Rpread  uniformly  on 
disk  to  that  collected  in  circumference 
140;  estimated  value  by  experiment 
276.  281,  289 

p  =  ratio  of  circumference  of  circle  to 
diameter  594 

Penetration  of  electric  fluid  into  glass 
132,  169—174,  332,  339,  349,  355,  363 

Pensylvania,  Phil.  See.  of  437 

Pith  ball  electrometer  220,  240,  244, 
358,  359 

Plate  air  184,  340  ;  concave  155;  circu- 
lar 65—65,  140 ;  thm  73 

Pktes,  coated,  lists  of  315,  324,  325, 
370 ;  theory  of  129  ;  two  circular  74, 
82,  141—144 
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^Wnbi,  diBcharge  of  eleotrioity  b?  123 

^Kaitlra  elcctriliciitian  100.  101 ;  defined 

obMge  of  batteiy  413,  411,  683 

^■to  be  tliat  of  glass  217 :  gi^-es  Bfune 

^■proportion  of  cbarees  bb  negaUve  3&1 

S. 

^^bential  1<J9  (note) 

Bal  Amm.  626.  691 

^KeaUe;  (Joseph,  F.R.S.,  LL.D.  E^lin.. 

Bai  Sjlvii  626,  694 

^K.  1733,  d.  1B04)  125,  126,  313,  3ol, 

Bull  water,  reeistauee  of  39B,  note  33 

^■mO,  601 

Bulled  threads  259 ;  straws  391,  665 

Bond,  wet  608 

^■pp.      iz.     393 

Batnrated  solntion  ss.  624,  617 

^H        zvin.  269 

BatnrtLlioti  (electric)  G 

^H                   140 

^H          xxn.  cor.  5,  140 

Bob  water  524 

^H         inv.  144,  150 

Bealmg.wai  219,  340,611,543 

^H         xux.  383 

^H         XII.   389 

with  eLarge  216 

^H         xxn.  385 

^^B       tzht.  311 

copper  wire  639 ;  by  points  and  knoba 

^V        xuv.  351 

compared  673 

^B         xilvi.  3Gd 

Bbock  melter  586.  622 

^HUle7a395 

Shock  of  torpedo  397,  436;  intensity, 

^H 

law  of,  607,  610,  373,  note  81 

^B 

Siik  strings  241.  266,  395,  358. 147,  450, 

^Lad.  nitio  62C,  C96 

472.  SU 

Similar  bodiea,  oharge  of  66.  73 

^H 

Sliding  coated  plate  488 

^1 

&Ut  coatings  321 

HL  SB4.  G<)1.  603 

Bonnd    before    spark    139;    reaistanoe 

^Htiii  water  524 

tried  by  637,  645 

^Kal  ohurge  318 

Bpark,  electrio  136—139,  212 ;  nonefrom 

^■tkl  flaid  91,  94 

torpedo  401 ;  length  does  aot  depend 

^■knpiooitr  of  iuductioD  334 

on  nnmber  of  jars  402.  601,  note  10 

BVtdoced  cliai^e  370,  273 

Specilie  gravity  of  salt  water  587,  688 

'    B«duadaut  fluid  13 

Beel  636,  6M 

notes  15,  27 

Bepnlsion  106;  of  balls   as  aqnara  of 

Spherical  aheU  18,  19 

Bpirit  of  salt,  627,  694 

BepnUion,  eflect  of  too  great  49 

Spirit  of  wino  624,  631 

condnctor   131 ;   what   power  of  ve- 

486,  512  i  giadnal  491—600 

loeily   574.  675.  629,   6*3;   effect  of 

Springing  wire  296 

heat  on  619.  G20,  690 

Square,  charge  of  283,  383,  479  and  note 

Riobard  511.  M5 

33  ;  plates  of  various  substanoee  26fi 

RonajDB.  TbamiiB  601 

Bonn  336.  371.  461.  464,488 

137 

Boain  Tarnish  497;  eiperimentiJ  614, 

Stool,  eleatria  430,  613 

530,  fi48  ;  platea  618,  665,  B60,  694 

Strata,  conducting,  in  glass  srA.  361 

Boaghneag  dissipates  clectrioit;  387 

Bows  of  batter;  581 

cap^ity  SM,  451,  463,  539 

Bales  for  trial  plates  592 ;  for  strength 

System  of  coated  plnlcs  816 

oris 

:i»7.  29181  434.  437,  «^ 
dhwqp»  »  sitvm  ioq4  of 
tSl.  :S$4;  s£il^  vm  417; 
f^tete^^tT.  3<I7 

<€f3^-«S3 


.ILP^i.  1794986. 
411,411,490 

M^  994, 486, 187 

€£998;  SUaUim, 

C17;  pnsBd  ol  m 


di7,      mad. 


ai,884 

447,450^479, 

iliteilOA 
ofofeetEieteidS 
Vkita  ^bn  901,  460 
WDtke  (Jciiaiin  Kari,  b.  173S,  4.  179^ 

194 
UmioMon,  Hugh,  ICB.  487 
WibcB  (Bagamin,  F  JLS^  b.  1721,  4. 
1788)195 

Kl95 

Win  919,  9A;  durge  of  979,  479,  68S; 
tinls  of  447r448;  eonneetixig,  allow* 
MMtm  far  987;  in  aftraw  eleetrometer 


canals  of  inooin- 
preeaible  fimd  94,  978  and  note  8 
Wori^"  Ma  80  eaOed  949 
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